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It was my privilege at this time last year to write an year's editorial material would be representative of the 
introduction to the Annual Handbook of Product Design important design developments of the past twelve months 
for 1953. At that writing our editors and myself could only 
hope that our first Handbook would prove to be as useful to The editors attended all important engineering and tech 


you, and to all other Product Engineering readers, as we nical society meetings, covering the United States and Can 
had planned it to be ida from coast to coast. All the important design engineer 


ing centers throughout the eastern and middle westert 
We knew that such an annual report on the year's most _ states, including the industrial south and as far west 
significant design engineering developments was needed. Denver were visited many times during the past year | 


Thousands of hours and cumulated editorial skills went the editors, and the West Coast was covered by both editors 


into its editing to achieve the objective, namely, to make it nd McGraw-Hill correspondents 

a significant contribution to the design engineering profes 

sion. The degree to which we reached our goal was to b The results of their industry wide contacts will be appat 
determined by the usefulness of the book to our readers nt to you in the editorial pages of each of the ten sectior 


which follow. And I think, that as you read this 1954 Hand 
A full year of your use of the 1953 Handbook is behind book you will share with all members of the Product E) 
us and your judgment has been pronounced. The comments g/meering st iff a common pride in the record of design 


I 

you have made in the more than 1,000 letters that you gineering progress which is writt yn the pages of tl 

wrote to me personally were very encouraging. This respons book 

to our initial effort was warm and enthusiastic. In addition 

to the personal letters, more than 30,000 requests hav As I have mentioned before, this issue incorporates 

been received to date from Product Engineering's readers, number of new features and improvements. There are almost 

requesting additional information about the editorial articles 100 more editorial pages than last year. Its thumb indexing 

and advertisements that appeared in last year’s book feature is obvious. Undoubtedly you will also like the new 

introductory pages to each major section. By means of the 

As a further indication of the value of the Annual Hand listing of the sections along the right-hand page, any s« 

book of Product Design, product design engineers who tion in the book can be turned to immediately by using th 

were not among our subscribers at this time last year ex orresponding thumb guide or notch cutout. On the revers 

pressed their enthusiasm by entering new subscriptions to side of the “‘section divider” is given the tabl nt 


Product Engineering in record numbers. The result is that for that sect 


this 1954 Handbook is being mailed to more subscribers 


than have ever received a previous issue of our publication Because the | } Handbook clearly proved its continuir 
reference val we have taken particular pains to make 

Your acceptan ‘ncouraged us to make this new issu indexes as detailed and convenient for use as possible. W 

even better. Toward this end you made a number of con also think you will be particularly glad that indexes to th 

structive suggestions, and I am glad to report to you that 1953 Handbook are repeated in this year’s issue. These tw 

wherever possible, those suggestions have been incorporated Handbooks are designed to be used together, and therefor 

n this 1954 Handbook. You will find more editorial pages i cross reference between the two is impl nted by th 


1 wider coverage of each field of design engineering year's inclusion of detailed indexes to last year’s editor 
progress, and more use of both color and illustrations 





I pages 
| 
Editing for this year’s issue was under way even befor Our editors again have drawn article material fron 
your 1953 copy reached you last November, and continued large and varied array of the world’s best technical publ 
very day since. When work first began, McGraw-Hill cor- tions. The sources reviewed by our editors are listed for 
respondents throughout the United States, and at all ner\ yn pag We gratefully acknowledge the cooperatior 
enters of design engineering activities abroad, such as Lor ill these magazines. and of the various authors whos¢ 
lon, Stockholm, and Frankfurt, were alerted to their re ire included. Your 1954 Handbook also incorporates 
sponsibilities in contributing to make the 1954 Handbook a nformation that has been made available through technica 
notable achievement. One of the particular assignments of issociations and engineering societies. When several papers 
McGraw-Hill editors abroad was to keep in close contact ssued by these associations and societies have covered th 
with all meetings of the major national and international same general subject, or where they have to some extent 
engineering societies in each important foreign country verlapped article material that has appeared in technical 
publications, th formation has been consolidated into on 
Pins 


On the home front, our editors traveled extensively al urticle by our editors, with appropriat 
} . 


through the year in their efforts to make sure that th ributins 
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In numerous instances, our editors found it wise to add 
additional information available to them from their own 
field investigation and research. They also included a num- 
ber of articles that have never appeared before and were 
written specially for this Handbook. The foldout chart in 
the Fastening and Joining Section is a typical example of the 
original material developed for the 1954 Handbook. George 
Kendall's excellent report on ‘Simple Methods of Checking 


Product Cost’’ (Section A) is another good example. For 
purposes of maximum information in minimum space, 
articles have b lited and condensed so that they include 
only the truly essential and basic data that fit best the pur 


poses of an engineering Handbook like this one 


feel you will like is the inclusion of 


Another ad 


a group of short highlights « 


1oOn We 
ering developments that will 
but which have not yet 


break within the next year or two 


been carried to the point where complete technical infor 


mation is available. By next year, many of these develop 


ments will have reached the stage where we can report them 
to you in detail. Others may not, but each is potentially im 
portant in the design and engineering field 


} 


Several features that received excellent comment from 
you have been included again in this year’s volume. Onc 
that we think you will find particularly valuable is the list 
of outstanding new books in the engineering field, pub- 
by McGraw-Hill, but by other leading tech 


well 


lished not only 


nical book publishers as 


Because they guide and speed your continuing use of the 
Handbook il 


| indexes contained herein have been expanded 
and improved ov 


f r those in last year’s issue. Each of these 
ndexes is important to you, and include the following 

- An introduction to the 10 editorial sections Page 1 

*« A detailed index of articles Page 6 

- A detailed index of editorial content by subject Page 8 


- An article index to the 1953 Handbook Page 10 
- An editorial subject index to the 1953 
Handbook Page 12 


y, 
y, 
y 


* An index, by produ 
products advertised in this issu 


b 


tical index, by advertiser's nam« Pag 





In particular reference to the two last-mentioned indexes 
t 


may I take a moment to remind you of the real contribution 
that our advertisers have made to this second Annual Hand 
book of Product Design 


1 


The information contained in the advertisements suppl 


ments our editorial material in the best way possible. Com 


unies fabricating materials have, in the main. listed th 
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outstanding applications and included detailed data on the 
mechanical and physical properties, and even suggestions on 
where such materials should not be used. Manufacturers of 
electric motors, fluid pumps, motor and control valves, in 
dustrial engines, and all other components have cooperated 
in the same way. In many instances, detailed data covering 
new products appear in these advertisements for the first 


time 


All of the Handbook’s advertisers are anxious to give you 
any additional information you would like to have. They 
will be glad to tell you, if you are interested in knowing, 
whether an advertised product can be successfully applied 
as original equipment in the machinery or appliances you 
Post this 


through which you can request additional information and 


are designing cards are provided, in section 


assistance from advertisers. Please feel free, also, to write 
directly to any of these advertisers. The post cards are 
simply for your convenience 

And may I call your particular attention to the new cata 
log announcements in each section. These catalogs have been 
carefully screened. From these, alone, you can collect addi 
tional data and they will be invaluable reference sources to 
you in the years to come 

In conclusion, then, may I join with the editors in ex 
pressing the hope that you will find this new 1954 Hand 
book an invaluable addition to your library of essential en 
Remember that the 1954 Handbook 
in no way duplicates the information contained in last 


gineering knowledge 


year's issue. These Handbooks are designed to be used to 

gether, and the 1955 Handbook will again supplement and 

Our 

end purpose is to give you, as each year brings you its new 
complete 


Handbook, a 


lesign data which cannot be repla 


add to the data contained in these first two editions 


library of fundamentally significant 
ed or duplicated 


These Handbooks are 


subscriber. And because they are yours, we hope you will 


yours as a Py duct Eng neering 
want to write to us and tell us, once again, how you feel 
about them 
corporated in the 1954 issue, and please let us have your 


Give us your reaction to the new features in 


suggestions on how still further improvements can be made 
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EDITORIAL INDEX 
for 1954 Handbook 


TION A—GENERAL ENGINEERING 


Instruction Manuals by John W. Wight 

Simplified Drafting. ee piety ae gl Oat iN ow 
Radioisotopes Seeing Eves for Hidden Data by G. D. Calkins and R. L. Belcher 
The New Patent Law of 1953 by H. A. Toulmin, Jr 

Simple Answers to “What Will It Cost’ by George Kendall 

Developments to Watch 

New Books 


TION B—METALS AND ALLOYS 


Try Aluminum Honeycomb Sandwich Structures 

Designers’ Introduction to Zirconium 

How to Work Zirconium by R. B. Gordon and W. J. Hurford 
Heat Resistant Casting Alloys 

Checklist: Applications of Metals and Their Alloys 

How to Use and Fabricate Type 430 Stainless Steels 

New Ideas in Composite Metals by Jerry Ottmar 

Powdered Metals—-New Uses May Surprise You 

Paper-Thin Metals—Availability Stimulates Design by Monroe SI 
Developments to Watch 

New Books 


TION ¢ NON-METALLIC MATERIALS AND FINISHES 


Properties and Uses of Fluorocarbons 

Glass-Reinforced Polyester Molding Compounds by Albert G. H. D 
New Synthetic Finishes for Metal Products 

Organic Barriers for Corrosive Protection of Metals 

Choosing Thermal Insulation Materials by Ray Thomas and W. C. Tur 
Mechanical and Electrical Properities of Ceramics 

Developments to Watch : 

New Books 


TION D FABRICATION AND PRODUCTION PROCESSES 


Precision Casting of I 


9 irge Parts by J. R. Burns 
Designing Stampings for Economy 

Problems in the Design of Large Forgings 
Checkpoints for Practical Forging Design 
Choosing Aluminum Alloy Castings by vd WIS 

A Survey of Shell Molding Problems by B. N. Ames, S. B. Donner and N. A. Kahr 
Cold Extrusion of Metals 

Spinning vs Drawing by John W. Lengbridg 
Developments to Watch 

New Books 


2. 20ON I POWER TRANSMISSION 
Dynam and Stat Fri t10n For s ( able Pi ley system 
Magnetic Particle Clutches for Power Transmission . . . Torque Control by W. G. Mart I] 
Sheet Metal Gears, Sprockets, Worms and Ratchets by Haim Murro 
Designing Gear Trains for Minimum Inertia by Edward G. Burgess. Jr. 
Selecting Mot Mo 1 Magnet Brakes by J. Aud 
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SECT 


Modified Geneva Drives and Special Mechanisms by Sigmund Rappaport 
Effect of Dirty Oil on Bearings by Arvid E. Roach 

Developments to Watch 
New Books 


ION F—MECHANICAL PARTS AND DESIGN 


lhe New Trends in Heat Exchangers by Julian C. Smith 

Round Bar Slides for Machines by W. A. S. Douglas 

Tips for Designing Rubber Parts and Assemblies : 

Flexure Pivots—Design Formulas and Charts by Arthur G. Thorp, II 
Swaged Housing Ring Grooves to Retain Axial Thrust Bearings by C. H 
A New Approach to Compression Spring Design by K. W. Ma 

Unusual Uses for Helical Wire Springs by Haim Murro 
Thirteen Ways to Use Metallic Bellows by E. Perry Cumming 
Developments to Watch 

New Books 


SECTION G—FASTENING AND JOINING 


How the Unified Screw Thread System Will Be Revised by T. Affleck 
Small Rivets for Big Jobs by Robert M. Gordon . . 
How to Design Parts That Assemble and Lock by Twisting 


How Service Requirements Govern Design of Brazed Joints by W. J. Van 


Methods of Attaching Glass to Metal Structures by M. H. Hunt 
Cold Welding of Aluminum by Norman Grossman 

Fundamentals of Resistance Welding by Lester |] Spen 
Information on Pressure Type C tion by R. F. Mall 

Dev elopments to Watch 

New Books 


nn 


Avery and A. G 


Natt« 


SECTION H—MOTORS, ENGINES, AND CONTROLS 


The Torque Motor As a Control Device by Robert Kaplan ind Albert |] 
New NEMA Dimensions for Integral Horsepower Motors 
Selection Guide for Small Motors 


Selection and Operation of Error Measuring Devices, Servo Motors, and $ 


The Significance of WK? and How to Calculate It by John W. Har 
Selecting Small Air Cooled Engines by A. F. Milbrath 

Speed Governors for Internal Combustion Engines by Edgar J. Kat 
Developments to Watch 

New Books 


Brotz 


ANALYSIS 


Br Sac k 


rvo Controllers by Ernest Wall 


SECTION 5§ ELECTRICAL AND ELECTRONIC COMPONENTS 


Electrical Symbols and Standards 
Fundamental Electronic Circuits by R. B. Immel 

Fundamentals of Transistor Action ak 

Tantalytic Capacitors for Low Voltage Use by L. W. Foster 

The Precision Potentiometer As a Voltage Divider by H. A. Schi 
Developments to Watch 

New Books 


SECTION J HYDRAULIC AND PNEUMATIC EQUIPMENT 


Pres Surges Hydraulic Systems by Nils M. S 
How to use Air Motors : 

Seal and Valve Design for Vacuum Systems 

Safety Circuits for Hydraulic Machines by H. L. St 

Significance of Separation in Hydrodynamic Design by C. C. Perry 
The Latest Development: Flowed-in Gaskets by W. M. Rand § 
Developments to Watch 
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Air cooled, engines 
heat exchangers 
Air Force, instruction 
Air, motors 
safety controls 
\lkyd resins, finishes 
Alloys, aluminum brazing 
castings 
paper-thin 
powder 
welding 
opper, brazing 
powder 
welding 


manual 


heat resistant, brazi: 
known types 
ad, welding 
vickel, brazing 
welding 
teel, brazing 
powder 
welding 
lagnesium, brazing 
welding 
“inc, welding 
zirconium 
Aluminum, base 
cold welding 
honeycomb 
Amplihers, voltag 
power 
rgon 


\ 
Army, 


I adioisot »p 


instruction manual 


—B 


Bar slides, round for machi 
Bearings, axial thrust 


effect of dirty oil on 
lubricated 

Bellows, metallic 

Bismuth, metal 
powdered 

Boundary layer, hydrodyn 

design 
Brakes, magnetic 
Brass, tolerance for star 
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Brazing, service requirements 


Break even charts 
Bronze, powdered 
Butt welding 


system 
Capacitor, tantalytic 
types and comparison 


1] 
e-pulley 


Carbon, radioisotope 

Cathode ray tubes 

Castings, aluminum alloy 
comparison of method 
precision 

Ceramics, properties of 

Chlorine, radioisotope 

Chromium, casting alloy 
metal 

Circuits, electronic 
hydraulic 

Clutches, dry particl 
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B 30 
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Cold extrusion 


oatings, fluorocarbon 
organic barriers 
synthetic 

‘obalt, metal 

powdered 

of metals 


‘olored silicone finishes 


Commercial manuals, instru 
Components, powdered 
Composite metals 
Compression springs 
Condenser systems, measuring 
Connection, pressure type 
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Varnish Insert between pp. ¢ & ( 
(Silicone ), ¢ 1 10¢ 
Water Repellent Insert between py 
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Fabrication and Production Processes 


Anodes G 52, 139 
Assemblies B56, D D D 48 
D 56, D D D D 1 46 
Cabinets B56 
Castings BS D 64, D68, D 74 
Castings, Precis l f B 63 
D 38, D58, D70 
Cleaners, Metal C 42-43 
Cold Headed Parts G 66 
Cold Roll-Formed Shay B D61 
D7 
Deep Drawing B 56, C 42-43, D4 
D 46, DS D D 70, D 
Die Castings D 41, D 44, D 47, Insert 
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D <¢ D67. D 
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Engineering Services (S Production 
Services ) B‘ C45-48. D 41. D 48 
D G [71,] 
Engraving D 48 
Extrusions B51, ¢ i C 45-48 
C 64, ¢ D 70. G 68 
Fabricated Plast B 68, C 45-48. C $2 
C 64, C66, D 48, D E 62, F 63 
164 
Fabricated St D D69.D76 
Finishing Eq D 69 
Fixture Cl p D4 D D 68, G5 
Forgings. .B 51. I D D ES 
Furnace ?1 
Gages F 40-41 
Grinding, ¢ D7 
Heat Treating D7 
H etic Sealing S Ds 
Hoists, Air T< 
Honing Machi D* 
Inspection Equip A 38 
Knurling D7 
| inat } ( ig D 48 
D 71, I¢ 
Lubricant S C 42. 
Metal | g ( { D5 
D D < D? 
Molding 
Plast B ( ( ( D 
D » 31, D D E 62, F¢ 
F 66, F 76, 1 I I I1 
I 1 Metal B 48, B63, D 
D 76, I 
I ( ( 4 ( g ¢ 
( D D 68. F6 
Platings, S & A D7 
Pol n D7 
Presses, Hydra B 52-5 
Prod tion Ma 5 & 
D 48. D69. D | re G4 
Insert follow 150, | 38 
I 1 Ser : B B68, C4 
D4 D D D G é 
I 
I P D 
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Rings & Loop D4 
Rubber-Bonded-to Metal C4 C 56 
Rubber Coated Parts D 68 
Rubber Lining D 68 
Screw Machine Part B51, D G 70 
I 

Shapes & Shells Deep Drawn BS 

C4 ' D 46, D7? 
Silk Screening D 48 
Spraying D 48 


Stampings B B 68, C 45-48, D 43 


D 48, D D D70,D71,D7 
E 70,G 70,14 
St tur I B B 53. D40 
D6 
Subcontracting Serv B 56, D 54 
Swaged Parts D 70 
Tanl B §2-' D 46, D D 70, D 76 
D 77 
I 1 Rollin D 70 
Tools Ins 1 pp. B & B57 
D D4 D G 
Tube I g F 74 
Weldments B B63, D69, D 
D 7 
Ww I D 43, D D 70, F5 
G 45, 1 
Power Transmission Elements 
Actuators H 
Adapters, Flexible Shaft E 4 
Axle Housings E 76-77 
Axles E 76-77, E8 I H 54 
Belts. . Insert following p. 24. I 51 ( 
( E 7 I I | ») J 
Brakes 
Elect I I I 
Mecha I 
Pneun I E7 
Chains 
Rol 
I 
S I I E 5 
E64 
cl 
Ele 7 I 
Indexing & I I 
M I I I 
ES 7 | E71.E8 FE gs 
Pneumat F E 7 
( ling 
Fl I 
Hyd | I H 4 
J ] 
M I I E 42-4 
I I I E 72, E73, E8 
F9 
D ( & | I 
Driv l , I 
D V S l 
( | | 
I I I I 
I H I J 
} g ( } 
Flexible ¢ C 41. ( 
E 41, | I I I 
I I F 78-79, E86, E8 
I I ] 
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Fle Sha 
Friction Mate 
Gear Motor 
G B 
E4 
} ( 
I 
W 
Linings 
M r Red 
I n 
Plate Cl 
P SS Tak 
Pull 
Pill ( 
Ra 
Speed Re 
I 
I e ( 


Mechanical Parts and Des 


gn 








Gyroscopes H 7 
Handles & Knobs F 4 F 66, I G7 
Heat Exchangers D ¢ F 66 
Inspecti n Equiy ent F 7 
Instr nt 4 I )-4 F 6¢ 
H H I I 
lewe F 64 I 
Keys } 
Links F § 
Lubricating Equi F ‘ 
Mountings ( I 
Name Plate ( i D711, F 6 
Oilers F 74 
Packings. .29, F 60 I I } 58-5 
Pillow Blocks I | E 64-¢ 
F 38. F69 
P Ips R F 6¢ 
Rod Ends I 
Rolls > 
Sea C4 ( | I F ¢ 
I I I J 
S F 44-4 
Slide I I 
Space } 
Spin I M i 
Sprin ( 8, D 43, E8 I 
I I I 
I H H 74, I 
Che H 
The i | H | 
Tire ( 
V ' ’ } D 
Hydraul ( 
Mec! 
Pn i { 
Vibra 1 M ( 
I 14 
W | I 
W he ( [ I I 
Ww ( I I 
Fastening and Joining Techniques 
Ad \ ( G G ( 
Bolt BS E83, G ( G 
Cy l G y s Cy (y 
(y ( 
B g Alloy G ( 
Ca Fasteners I 
Clams D D I ( ( 
Clips I G G 
Collars G 
I ning M G G G 
( Gs (; G 
Flux ( ( G 
La G 
Locks G 
Metal Stitching G 
Nuts B §2 G 43, G45, G G 48 
G 50,G54,G G G G 58 
Cs » G ) G G64, G 
G G G 
I E 8 i G4 G 
Reta ig Ring G 
R B G 4 j G 4 G4 
G; 54, G G ¢ 
S w I } Gy G 54, G56, G7 
S ( i G4 G 4 G G 58 
G ( G ( G 
l 











Screw Thread Inserts G 42 Integral. .21 Insert owing f i 
Solder B48, G47, G 5 H 51, H 52-53, H 71,H 
Soldering Equipmen [1 Sub-fractional 21, H 42-43, H 4¢ 
Soldering Paste D H 50. H 52-53. H H § H 7 
Specialty Fasteners (Pipe Hangers, Specia M High Frequency 
Cold Headed Parts, etc.) G4 Fractional 21, H H 76, I 
G 45, G 48, G 54, G 56, G 59, G 64 Integral 
G 67, G 68, G72, G Sub-fractiona H H H 7¢ 
Ww a G 51, G56, G 64, G ¢ 17 
GS 70 Power Packs 21, I 
Welding Prime Engin H 70 
Equit D 66, G44, G4 Protective Devic H 68, 16 
G (Stud), G65, G | Ivers H7 I 
S |, B63, G44, Gi Servomechanism Components H 47 
H 49, H 50, H57, H I I 
170, I } 38 
Motors, Engines and Controls » H H 76, I 
M H 47, H 48, HS 
Brake Mot H 64, H H 62-( H6 
Cart tors H 74 
Control Moto l, H47, H50, H 7 
Control Panels & Switchbord 2.2 
H 74, 170, 176, J 38 
; Fle inal 5 Beneet Keflonien Electrical and Electronic Components 
H 47, H50, H 74, H75, H I H I 
145, Insert following p. I‘ I 4 A 1 I I I 
I 1 76,1 I 
I H 47, H I I 8G l I 
l I I I I I 
( H 44-45, H I 
D Ad i Spec I Bi-Met 5 I 
Eng ( rents (Pist Pist Ring I hes I | 
tc.) B 63, F 38, H58 H H D I 
I In & Contr H H7 | 
17 B Strain Rel I I I 
I ’ H 44-45, H5 H 58-5 ( 138, 139, I I I I 
H 70, H I 96-4 I I 
4 M I t 1 wing ( K I I ] 
E 80-81, H H H 64, H ( 3 
H H Clip I 
Genera Coil I I I I 
A -( H H H 7 ( Ring B I D D 
D-( H H H 7 I I _ 
Hig I l H 5 ( i D 
G f H H ( f \ I I I 
| ( Bu gs Is 
M E 40, E41, E78 ( t I 32, | I I I 
Fg Es H 4 H 52-5 | 178, I I I I 
H 64, H71, H 73, H74 ! 
M Start l rt f wing p. 2 ( 17 
H 75. I 15 | ( ts & ( M B 
I I D F 38, ¢ I l I 
M A .( I 
aditiees . _ ( H I I I 
H 42-43, | t | n pp. H48 & In 
H49,H H 56, H 57, H 60-( , 
H 64, H65,H H 69,H 71, H ( 
H I I H H I I 
l l following {| I I 145, I 1g 
Inse et a H48 & H 150, I I I I I 18 
H H 5 H 60-61, H 64, H 6 I l | I 1108, J 38 
H ¢ H H H 47,H H 76, I 
Sub-fractional 21, H 42-43, H I 170, I I I I 
H H H H H ( I 
H I ( on. oa I I l ] 
M D.-( | 
Fra nal l ( l 
i, H H H H ( i I I 
H H H H l I ( g l 
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INDEX OF PRODUCTS ADVERTISED 


Dimmers nsert following p. 150 Terminals & Terminal Boards. .F 76, | Floats 144 
Diodes 168, 1111 1 46, 147, 161, 169, 175, 181,18 Flow Measurement H 47, 1101 
Dynamotors H 76, 1 107 194, 1100 Flow Regulators 19 
Electrical & Electronic Components, Custom [hermistors Insert between pp. B56 & Gaskets. .29, C40, C56. F46. F63. 168 
Mad B62, D54, F63, F75 B57 } 96, J 101 
H 50, | 139, 146, 148, 161 Thermocouples H 47, H74, 13 Heat Exchange D 69 
166. 168.170, I 179, 195, 198 Thermostats. .H 47, H 74, 166, 167, 174 Hose & Tubing F 58-59, J]61, 165 
1 100 175, 188, 1108 }75, J87, J89, J 99 
Electrodes G 65 Timers |, H47, H 50, H 62-63, H 67 Hydraulic Fluids Insert between py 
Electronic Tub 1107 H 74,175,185,19 C32 & ( (Silicone). 1 58-* 
I Holders 169 Transducers A 36, A3 
Fuses | 1109 Transformers 11, H 52-53, 164, 18 _ 
Galvanometet A 36, H74 182. 11 Hydraul H 47, H | 38 
Heating Unit 1 39, 148, 162, 165, Transistors 16g _ Pneumati H47, H74 
166, 1109 Wire & Cable. ..138, 139, 150, 169, 17 aricants Insert between pp. ( e 
Hermetic Seals 14 173, 194, 1100 190, 196-97. 1106. 110 ; (Sil e) 
1110 Wiring Devices G 48. 139. 147. 169 wae A ~ €- j 
Instrument \ H 47, H74, H 76 173, 178, 183, 194, 196-97, 1104 -_ 
139, 170, I 110 1109, 11 Motors 
Insulating Varnis Insert between pp Wiring Harn c 13 144, 169, I Air D4 | | 
C 32 & C 33 (Silicones), 1 10 182, 1106, 11 I Hydraul 138 Insert between py 
I i 1.1 between pp. (¢ & ¢ ] & 14 148-49. ] ] 
(Ss ) ( ( )-51 C64 1 ] | 12 ] 
D71, I 150, I5 171, 1106 ) I ween pp. ¢ & ¢ 
Insulators C ¢ C 64, F72, 169, 171 Hydraulic and Pneumatic Equipment (Silicone), J 58-‘ 
I 1100 Packings ( F 46, I 158 
Inverters 11 ae-rerweed 168, J 88, J 
Lamps 169, 174 Hydrauli ie ' ) 42-4 } 5 Piping J¢ }101 
Liquid Level Cont: 178 Power Pack } 38 Insert between { 
Magnetic Materials... Insert between py Pacumet nna7, Jae 1 40 & J 41, J 46-47, J 48-49, J 50-51 
B56 &B 169 Accumulators ] 48-4 i> 164 154 16) 164. Té | 
Mennets. Insect between pp. B36 & BS7, -Ait Motors D 49, H 47, 65, J 91 mn ene “fh ty 
176. 199 Air Receiv D4 
Magnet W 110 Assemblies t 
Markers, Wire & Insulation 1 100 Hydrauli H47, J38 Insert be Air D 49. J 
Met 132, 139, 170, I 11 tween pp. J 40 & J 41, J 48-49, J 54 t following p. 24, D4 
Overload Relays 175 55, J 60, J }8 I i1, F56, H4 } 38 
Paper Insulation C 50-51, 1 10¢ Pneumati H47, J8 I t betw pp. J 40 & Jal, J 
i teilahitn. (pile 1111 Ball Joints ] ig.49. 150-5 154-55. ] . 
Pilot Lights 1104 Boosters }57, J 64, J 6° 
Plugs 1 46, 1 I 183, 1104,1109 Clamps D 45, D68, J 180, ] 83. 185, J 198, J 
Porcelain C61 Compressor D 49, H 44-45, J \ D49 | | 1] 
Potent 132,189, 1103 ©onnect Ra 
Printed Ci ts D 169, 198 roen sas re ) 87, J8 | 
Tub F 58 18 ] ACR 
Reactors, | I 18 Controls H ale 
Recorde A 36, I Hydrauli H 47, 139, I w 
Rectifiers 1 68, 196 11 pp. J40 & J4 | 1 46-4 | 14 ] 
Regulators. ..H 160, 170, 1108, 111 1 48-4 }s ] 164, Je 194 
Relays 21, H 47, H 50, H 62- H 75 | 1 74, J g 15 
I Insert following’ | Pr H 14 ( Q }8 
186, 195, 198, | ( ( F 38, | 
110 1104 Co Ph 14a . Tae | 
I I I In f H F 58 ( 1 38 
wing | I | I I 18 18 s } H ji 
lve H Pub FS8 J ] }< ] . w | ] 
| follow 81, J 84, J8 8 Swivel Joi 
ag p. 150, I Cylind Traps, Mag ye 
S & Tubing I C 62. Cé 7 a i, 8 : \ Con M E 4 
150, 159, 166, 194, I ys fae 
Slip Rings, See ¢ or Rings ) 57, JO, J 62, J GA, J 65, J 66, Jt 
ts J ] J F56,.H4 } 44 ] }4 
S | H 4 H 74, 14 14 I _ . D 45. 1 34-35. 138 » 14 144 14° | { T¢ 1 ¢ 16 
[82, I 1101 17, J57, 361, 162, 165, 166, J 167, 175, J j98, J 
Sw € H ] I 46, 1 72, I | 194 | } H4 ] 34-35, J] 3¢ ] 38 
I 18 l 1102, 1108, 110 Diaph ag C56. | | ) Ins etween pp 140 & J 4 
11 : Drive Va Spe ES } 48 } 42-4 144, 145, 146-4 } 48 
Insulating Insert ve PI Filters 154-55, Jé¢ } lé 
( & | (S ), I I Air D } 46-47, J 186, J j j j 
I H Ds } 38 j 89, J ] | 
I I8 ]}64, J 7 18 ] Wa F 4 8 ] 68 
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INDEX TO ADVERTISERS 


A 
tG M 
Ball ¢ 
ate Spring Mt 
in Engr 
Chain ¢ 
EI ( 
St ( 
net Pt 
up ¢ 
Flexil ( 
Pr ts (¢ 
ican T & M 
ny Ludl 
id ( 
1 Pr ( I 
D 
1 Re I 
hal Mig. ¢ 
In 
S Pp 
Preci r ¢ 
in Brake SI ( 
n Eng g 
ic D 
in Insul ( 
an N Gran B 
1 Relay & 
in S f M 
n St & WW 
| ¢ In 
Steel I n 
Axle Dir 
Stock G D 
( 
M I 
Mf ( D 
Cou » ( I 
Plastics ¢ I 
Fi ( 
Steel ( 
g Pr ( 
Eng g ( 
P 1 ¢ 
\ S 
& | 
I g ( | 
\ 
S ( 
} ( 
I D H 
B 
( ( 
k 1 W 
Ir I 
D [ ( 
( 
I 


I 
D 
( 
G 58 
D 38 
B 
| < 
[ 71 
D 68 
I 104 
B 68 
B 4 


Dexter Fold ( J 


Dings Brakes, In 
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Electro Switch Corp I 72 — jj Leland, Inc., G. H I 4 
Elliott Co H 73 Libbey-Ow Ford G ( I 
Engineering Resear Ass I A 30 H.&R. Ind C 66 Glass D ( 
Emmert Mfg. ¢ 4 34 Haloid Co A 35 Lincoln Elect ( G 65 
Evenline Product 4 32 Handy & Harman G 52 Linde Air Products Co., I 
Eynon-Dakin (¢ F 74 Hanna Engineering Worl ) Union Carbide & Carbon Cory G 44 
Hannifin Cory |} 46-47 Lindsay Structu | D 40 
— = Hansen Mfg. ¢ I H 48 Linemaster Switch ( I 102 
Harrington & King Perf g B 68 Link Belt ¢ ' | 
Fairchild ( ra & Inst ent Hartwell Co G 7 Liquid D D G J 

Corp I 103 Harvey Aluminum Sal | B 51 ( . EF 60-61 
Farrel-Birmingham ¢ In E75  wHaydon Co.. A. ¥ H 50 Litemets! Dicast | D 44 
Fawick Airflex Div. Federal 1 k Havdon Mfg. ¢ | H 62-6 Littleford B | D 

Corp E 49 Haynes Stellite Co D rut Logansport Machine ] 61 
Federal Electric P ts ¢ H 75 Carbide & Carb ( B 41 Loveioy Fi le ( , a ( E 66 
Federal Teles ne & Radio (¢ I 96-97 Heim ( F 69 Lowell ls , w D | 
Federal Tool & Mfg. ¢ D 72 Heinze | tric ( H 4¢ Bi °D Ay M P 
Firestone Plast ( ( ul S Heli-Coil Cory G4 

Div C 30-31 Helipot Div. of Beck I 8 M 
Fischer Special Mfg. ¢ G 57 Heyman Mfg. ¢ F 48 
Flexonics Cor} F 58-59 = Hilliard Corp E54 M.B. Mfg. ¢ 
Flower Mfg. (¢ D.B I 87 Hills-McCanna ( F 56 M-B Product } 94 
Foote Bros. Gear & M ( E 87 Holliday & Co., Inc., W B 43 Magnetic A 
Ford Instrument Co., Div. § Holliston M f A 40 Mahon Co., R. ¢ D « 

Corp H 76 Hoover Co., Die Casting D D 67 Makepeace ¢ D. E., I 
Ford Motor ¢ I trial & M , Hought & ( | 1 58-59 & Wire ¢ G 4? 

Engineering S Dept H 54-55 Howard Indu H 56 Malayan Tin B B 48 
Formsprag ( E 39 Howell Electric M ( H 64 Marion Elect Inst 11 
Funk Aircraft ( E 70 Hudson Tool & Die Co., | D 73 Marlin-Roch ( Fs 
Fusite Cory 194 Hyatt Bearings Div. Gen. Mot Maurey Mfg. ¢ I 

Corp 1-55 Mayline (¢ | 4 
G Hydraulic A ( } 88 Mead Sp. D 4 
Hydraul | Mfg. ¢ * l Mechanical I t ( I 88 
( and- He g Mfg. ¢ Met-L-Wood ¢ B 68 
( k P ( F ¢ I— Metals & Controls Ge 
Garde Mfg. (¢ I 100 Plate Div B 
Gast Mfg. (¢ 1 79 ~~ Illinois G & M ( Be 3 Metal Powder I 7 D 
Gear Speci | E 63 Imp S Ww ( B ¢ Michigan 7 ' ‘ D 
General A , Industrial Sapy ( F 72 Div, 

Corp. Pla D 42 Ingersoll Rand ¢ D 49 uM  & , ' FY 
General Cont: ¢ H 47 Instrument Mot H 7 uM fs eM & M D 54 
General Elect ( Ay Instrument S ( F 7 Mid + PI ' ' 

Sal D Interna ) I | | ) Midwest 1 ‘ ‘ 
General I Co. International | Milford Rivet & M G 

Materials D I i j Miller M ( 
General | ( Ww D Mir . ’ , 

De} i G Mfg. ¢ 80-8 Mir M & Mfg. ¢ G 
General M ( [7 lergens ¢ ( I Mor ( ( ( 
General 1 & | ( M | 1 | ( M ( ( ' 

Good ( 15 Ww \ D M B ( I 
Geneva W ( r 4¢ lon ! ( T) Mueller Brass ( D 
G May ¢ 15 M Mfg. ( k D 
Gibson Electric ¢ 11 K My p , ‘ 
Glea W E 45 
m © Goold ‘ , KSM P I ( N 

G » Pie C 34 Ketay Mfg. ¢ I . 

G ( ( Kohler ( : { ( 

(H C Koiled National Steel ( I 
Good ( B. F. ( G4 K PPe ' 1 7 D S 
G Rubber ( | % K Cory | B 
ty i i I ins | 55 I h m20n \ 

Grant Pulley & Hard ( F 71 Newcomb Sprir ( i 
Graphite Metallizing Cory I 1 34-35 L. & L. Mfg. ¢ D ( 
Graton & Knight ¢ |] 68 ] ted S ( F 4 ( 
Gray and Prior M ( E 66 ] : & S ( Gs ¢ N H I I 
G Lak St D Lan & ( | I ( M ( | 
Steel B 71 ] Mfg. ¢ I York A ; ( 
Gre Hy I | 64 I gh | | } B & 
Grip Nut (¢ G 72 I I ( I . & ¢ : 
( | ( I \f R | f 
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Nothelfer 
Nutt-Shel Co., In 
Nylok Cort In 


Winding Laboratories 


~~ 


O. & S. Bearing & Mfg. ¢ 
Ohio Rubber C 

Ohmite Mfg. ¢ 

Iron & Steel Cor 
Onan & Sons, Inc., D. W 
O'Neil Irwin Mfg. 
Orange Roller Bearing ¢ Ir 


Oliver 


_ 


Palnut ¢ 
Paper Machinery & Resea I 
Parker-Kalon Corp 
Parker Rust Proof C 
Pass & Seymour, In 
Peck & Harvey A 
Peerless Electric ( 
Penn Engineering Mfg. ¢ 
Metal Co., In 
Perfection Gear Co. of A 
Stock Gear Div 
Pes Pdts. Co.. Borge War ( 
P Mfg. ¢ 


Penn 


Res Development Mat 


Richard n ¢ 

Riverside Mfg. & I Sul ( 
le Metal ¢ 

& Griad In 


Riversi 


Rivett Lathe 


Rivocor 

Robbins & Myers, In H 51, H « 

Rochester Pdts. D f General 
Mot 


20 


G 


H 
D 


56 


64 
$2 
61 


43 


04 


29 


Rogan Brothers 


Rollway Bearing Co., In 

Roper Corp., Ge D i 
Roth Rubber Cx 

Rotron Mfg. ¢ In 


Royal Elects ( 
Ruthman Machinery ¢ 


Sateway Heat Elements. | 
Sanhorn C 

Sandvik Ste I 

Scaife Co 


Sciaky Brothers 


Scintilla Magneto Div. Bendix 
Aviation Corp 

Scott Testers. Ii 

Sealtron (¢ 

Seletron Div. Radio Receptor (¢ 

Set Screw & Mfg. ( 

Seymour Mfg. (¢ 


Sheffield ¢ 


p. Gage Div 
Penn Mold ¢ 


Shenang 


Signal Engineering & Mfg. ¢ 

Skinner El Valve Div. Sk 
Chuck (¢ 

SK f P D B 
Avia ( 

S 1g P ( 

South ¢ ter ( p S D 

ope Product In 

Sponge Rubber Prod ( 

Stalw k ) ( ( 

Sta 1} I ( 

Stand H N ( 

Stand Pl ; ] 

Stan P 1S ( l 
Sock Screw D 

Star Tube (¢ 

Star Por | ( 

Stes Mfg. ¢ I 

Stewart Mfg. ¢ F. W 

Stew Die Ca e D 
S ‘ W ? ( 

Stock & Yal Ir | 

Stow Mfg. ¢ 

Sunnen Prod ( 

Surprena Mf ( 

Sweets ( log § Di F. W 
Dodge ( 

l Fi ( 

I 1] 1 ( ] 

Technifax (¢ 

Telecl D G 1 I 
Co 

Telefl I 

I ( & | D U.S 
( | hetw ’ B 

I I ( ( 

I t | I Light M 
Div 

[inn in P I 

Tit er & ( E.H 

| Sa & Eng 

Tomk ] ( 

I f n Mfg. ¢ 

Townsend ( 

I il ¢ 

Tri-Clover M re ( 

I tta Solenoid Corp 

I in | ywwer Ma ne ¢ 

I P ( 


Ucin Div 1-Ca | 
Corp 
Unimax Switch Div t W 
Corp 
Union Carbide & Carbon ( 
Bakelite ¢ 
Haynes Stellite Co 
Linde Air Products ¢ 
United-Carr Fastener Corp 
United Electric Controls ( 
United Mfg. & Service Co 
T \ Se el Corp 
Insert between 
S. Steel Export ¢ 
Inse betw 
U.Ss.S$ Supply Div. U.S. §S 
Ins betw 
| Oil-S ( 
_-V 
V-Plex Clu D 
Valvair Corp 
Van Der Leur, E. J 
Van Huffel Tube (¢ 
Varflex Corp 
Vellumoid Co 
Vickers Elk Div., V 
Vickers, Inx 
Viking Pump ¢ 
Vin 
—W 
WX | ( 
W ( | 
Walker ¢ G g 
Walker Turner D IN 
l l if 
Wal S y ( 
Ward I EF] ic ¢ 
In 
Ww ( 7 
Ww 1 Steel ¢ 
Wat 1 Eng y ( 
Watlow I tr Mf ( 
Wel EF] ic ¢ 
Ww S ( 
Well 1 ( S.K 
Ww ern Felt Work 
West Point Mfg. ¢ 
Ww ler Insulat Ww ( 
A Dental Mfg. ¢ S 
W Blake ¢ 
W ta I Foun & M 
Wiega ( Edw I 
Wilson ( H. A 
X } | 
Win In 
Ww Mt ( 
Wir Mfg I ( 
Ww M r ( 
Ww | K UO} ( 
W I D ( 
H l 
Wor G Ww I 
W roug \ Mfg. ¢ 
Z. 
7 ( D 
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what’s YOUR 





ti tl e ? . . « « jf it’s product engineer * design engineer « development 


engineer e mechanical engineer « chief engineer ¢ consulting engineer « 
vice-president in charge of design « or something similar, General 
Electric can help simplify your job whenever the selection of electric 
apparatus or components is involved. 





item 


ONOUhWN — 


ovo 


1 
12 


13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


23 
24 
25 
26 


27 
28 


29 
30 
31 


Subject 


Motors 
New NEMA Motor Frame Dimensions (1 to 30 hp) 
Brake-motors 
Fractional-hp Motors 
Open Motors 
Series-motor Parts (Fhp) description 
selection 
Totally Enclosed Motors 
Vertical Motors 
Gear-motors 
Fractional-hp 
Integral-hp 
Control 
Custom-built Industry Control Panels 
Cabinetrol* 
Motor Control Centers 
Limit Switches 
Lever-type 
Rotating-type 
Track-type 
Magnetic Contactors 
Magnetic Motor Starters 
General-purpose Photoelectric Relays 
Oiltight Push-button Stations 
General-purpose Relays 
Plate-type D-c Rheostats 
Control and Transfer Switch 
Adjustable-speed Drives 
General 
Thy-mo-trol,* % to 10 Hp 
Calrod* Heaters 
Switchboard Instruments 
Rectifiers 
Packaged Metallic Rectifiers 
Selenium Rectifiers 
Timers 
Electronic Timer 
Process Timers 
Machine-tool Transformers 


*Registered trade-mark of General Electric Comfany 


4, 


Bulletin 


GEA-5995 
GEA-5464 
GEA-5567 
GEA-3580 
GEA-5665 
GET-2297 
GEA-4400 
GEA-4033 


GEA-5678 
GEA-1437 


GEA-3856 
GEA-4979 


GEA-5705 
GEA-5704 
GEA-5707 
GEA-5154 
GEC-880 

GEA-3533 
GEA-5779 
GEC-257 

GEC-487 

GEA-4746 


GEA-5334 
GEA-5827 
GEA-5866 
GEC-218 


GEA-5658 
GET-2350 


GEA-5255 
GEC-525 
GER-502 


For example, consider the new NEMA Motor 
Standards, soon to be put into effect. Our re- 
cently issued Bulletin GEA-5995 will give you 
the new NEMA frame sizes and dimensions for 
a-c motors rated 1 to 30 horsepower. As a service 
to our friends, and customers, we will release 
more details about G-E motors in the new 
NEMA frames, as such information becomes 
available. 


Equally important data are obtainable on 
all G-E product lines. The following abridged 
tabulation lists only a few of the most popular 
electric components on which bulletins can be 
had for the asking. 


Please don’t forget that the services of G-E 
application and design engineers with hundreds 
of years of cumulative experience are also at your 
command. Bring your electrical product-design 
problems to us. We can help you solve them. 


| General Electric Company | 
| Apparatus Sales Division, Section 640-372 | 
| Schenectady 5, N. Y. , 
Please send me the following bulletins: I 
| \ for reference purposes ; 
| X for immediate projects | 
| ITEMS I 
] 1 2 3 4 | 
! 5 6 7. 8 ! 
| 9 10 i. 12 | 
| 13 14 15 16 | 
| 17 18 19 20 ! 
21 22 23 24 | 
25 26 27 28 | 
I 29 30 31 | 
I Consult the Product Design File, published by Sweet's ! 
! Catalog Service. You'll find “everything electric” for | 
| g 
| machinery manufacturers in the General Electric section 
| NAME 
l 
| COMPANY 
| STREET ! 
! 
| CITY STATE ; 


Goa CAR fol pow conflalonce on 


GENERAL @@ ELECTRIC 
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A-P Controls Corp 
Airborne Accessories Corp 
Alemite Div., Stewart-Warner Corp 
Allegheny Ludium Steel Corp 
Allen-Bradley Co 
Allis-Chalmers Mfg. Co 
Aluminum Co. of America 
American Flexible Coupling C 
Affil. J. A. Zurn Mfg. Co 
American Phenolic Corp 
Ampco Metal, Inc. 
Anchor Plastics Co., Inc 
Apex Machine & Too! Co. 
Apollo Metal Works 
Armco Steel Corp. 
Armstrong Cork Co 
Arrow Metal Products Corp 
Atlantic Metal Hose Co., In 
Aurora Purp Co. 
Automotive & Aircraft Div 
American Chain & Cable C 
Babcock & Wilcox Co 
(Tubular Products Div 


Bakelite Co., (Div. Union 
Carbide & Carbon Corp 
Baker & Co., Inc 


Barber-Colman Co 
Barksdale Valves 
Berry Div., Oliver tron 

and Steel Corp 
Beryllium Corp 
Bethlehem Stee! Co 
Bishop, J., & Co. Platinum Work 
Blackhawk Mfg. Co 
Boita Products Sales, In 
Boston Gear Works, In 
Brooks & Perkins In 
Bundy Tubing Co 
Cannon Electric Co 
Carpenter Steel Co 
Carpenter Steel Co., 

Alloy Tube Div 
Cast Optics Corp 
Century Electric Co 
Chapman Valve Mfg. Co 
Chicago Rawhide Mfg. Co 
Commercial Shearing 

& Stamping Co 
Continental-Diamond Fibre Co 
Continental Rubber Works 
Corning Glass Works 
Cullman Whee! Co 


“ a great time saver” 


The following manufacturers of 
component parts, and materials 

have placed their catalogs in 

the PRODUCT DESIGN FILE to 

make it easier for you to consult 

them without delay, any time you 
want information about their products. 


Cupples Products Corp 
Denison Engineering Co 
Dodge Cork Co., Inc. 
Dodge Mfg. Corp. 
Douglas Fir Plywood Assn 
Dow Chemical Co. 
Dow Chemical Co. 
(Magnesium Dept.) 
Dow-Corning Corp 
du Pont de Nemours, E. I., 
& Co., Inc. 
(Explosives Dept.) 
(Fabrics Div.) 
(Polychemicals Dept.) 
(Rubber Chemicals Div 
Durez Plastics & Chemicals, Inc 
Eagle Signal Corp. 
Eastern Industries Inc. 
Eaton Mfg. Co., Reliance Div 
Electric Auto-Lite Co., 
instrument & Gage Div. 
Electric Specialty Co. 
Electro-Snap Switch & Mfg. Co 
Elliott Co. (Crocker-Wheeler Div.) 
Emerson Electric Mfg. Co. 
Fairchild Industries, Div. Fairchild 
Camera & Instrument Corp. 
Fairmont Aluminum Co. 
Falk Corp. 
Farley & Loetscher Mfg. Co 
Federal Telephone & Radio Corp 
Federal Tool & Mfg. Co 
Felt Products Mfg. Co 
Fischer Special Mfg. Co 
Flexonics Corp. 
Foote Bros. Gear & Machine Corp 
Formica Co. 
G & O Mfg. Co. 
Galland-Henning Mfg. Co 
Garlock Packing Co. 
Gast Mfg. Corp. 
General American Transportat 
Corp. (Plastics Div 
General Electric Co. 
Apparatus Marketing Div 
(Carboloy Dept.) 
Chemical Div.) 
Construction Materials Div 
Wiring Devices Dept.) 
General Radio Co. 
General Tire & Rubber Co. 
Gerotor May Corp. 
Glass Fibers, Inc 





Globe Steel Tubes Co 

Goodrich, B. F., Chemical Co., 
(Div. B. F. Goodrich Co.) 

Goshen Rubber Co., In 

Grant Pulley & Hardware Co 

Great American Industries, In 
(Rubatex Div.) 

Great Lakes Stee! Corp 
(N-A-X Alloy Div 

Greene, Tweed & Co 

Grip Nut Co. 

Harvey Machine Co., In 

Haskelite Mfg. Corp 

Heinze Electric Co 

Hendrick Mfg. Co 

Howell Electric Motors Co 

lig Electric Ventilating Co 

Industrial Gear Mfg. Co 

Instrument Gear Works 

Jabsco Pump Co. 

James, D. 0., Gear Mfg. Co 

Jefferson Electric Co 

Johns-Manville 

Johnson Bronze Co 

Jones & Laughlin Stee! 

jay Mfg. Co. 

Kafser Aluminum & Chemical 
Sales, Inc 

Kato Engineering Co 

Kopp Glass, Inc 

Koppers Co., Inc., (Chem 

Laminated Shim Co., In 

Lancaster Lens Co 

Landis & Gyr, Inc 

| Leiman Bros. Inc 

Libbey-Owens-Ford Glass Co 

Libbey-Owens-Ford Glass 
(Fiber-Glass Div 

Link-Beilt Co 

Lovejoy Flexible Coupling Co 

Mahon, R. C.. Co 

Masonite Corp 

Master Appliance Mfg. Co 

Master Electric Co 

Mercoid Corp 

Metallo Gasket Co 

Mica Insulator Co 

Michigan Steel Tube 
Products Co 

Milford Rivet & Machine Co 

Miniature Precision Bearings Inc 

Minnesota Mining & Mfg. Co., 
(Adhesives & Coatings Div.) 





al Div 











Morganite Inc. 
Morse Chain Co., 

(Div. Borg-Warner Corp.) 

Mueller Brass Co. 

Mullins Mfg. Corp. 

Mutual Industries 

National Electrical Mfrs. Assn 
National Vulcanized Fibre Cc. 
Nelson Stud Welding Div., 

Gregory Industries, Inc. 
Nicholson, W. H., & Co 
Ohio Seamless Tube Div., 

Copperweld Stéel Co. 
Ohmite Mfg. Co. 

Oilgear Co. 

Owens-Corning Fiberglas Cor 

Ozalid Div., General Aniline 
and Film Corp. 

Parker Appliance Co 

Parker-Kalon Corp 

Penn Metal Co., Inc. 

Pesco Products Div., 
Borg-Warner Corp. 
Pittsburgh Plate Glass Co., 

(Fiber Glass Div.) 

R & K Industrial Products Co. 
Radio Receptor Co., 

(Seletron and Germanium Div 
Ramsey Corp., 

(Spirolox Div.) 

Randall Graphite Bearings, Inc 
Raybestos-Manhattan, Inc 

(Manhattan Rubber Div.) 

Redmond Co., Inc. 
Regal Plastic Co 
Republic Steel Corp. 

Republic Steel Corp., 

(Steel & Tubes Div.) 
Revere Copper & Brass Inc 
Reynolds Metals Co 
Reynolds Wire Div 

National-Standard Co 
Rigidized Metals Corp 
Rochester Products, 

(Div. General Motors) 
Rockford Clutch Div., 

Borg-Warner Corp 
Rodney Metals, Inc 
Rohm & Haas Co., Plexigi«s Div 
Roper, Geo. D., Corp 
Russell,Burdsall & Ward 

Bolt & Nut Co 
Scaife Co. 

Sharon Steel Corp. 
Speedway Mfg. Co. 
Spincraft, Inc. 

Sponge Rubber Products Co 
Standard Tube Co 

Stearns Magnetic Inc 

Steel Partitions, inc 

Stow Mfg. Co. 

Superior Tube Co 

Sylvania Electric Products In 
Synthane Corp. 

Telechron Dept., 

General Electric Co 
Tinnerman Products, Inc 
Trombetta Solenoid Corp 
Twin Disc Clutch Co 
United States Gypsum Co 
United States Plywood Corr 
United States Radium Corp 
United States Rubber Co 
United States Steel 
Veeder-Root Inc 
Vickers Inc. 

Viking Pump Co 

Wagner Electric Corp 
Waldes Kohinoor, Inc. 
Ward Leonard Electric Co 
Warner Electric 

Brake & Clutch Co 
Washington Stee! Corp 
Watson Mfg. Co., In 
Weirton Steel Co., 

(Div. National Steel Corp.) 
Werner, R. D., Co., Inc 
Westinghouse Air Brake Co 
Westinghouse Electric Corp 
Winsmith, In 


Wood Conversion Co 


Sweet’s Catalog Service 


Division of F. W. Dodge Corporation 


119 WEST 40TH STREET, NEW YORK '8, N.Y. 
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NEW NEMA Re-rated FRAMES 


Now in. Production 


Smaller NEMA frames e more horsepower e less 
weight e streamcooled e totally enclosed e high 
performance e cool operation e simple design 
compact contour e rugged construction e protected 
ball bearings e polyphase and single phase, integral 
and fractional ratings 











BALTRIC—Single Phase Motors, Capacitor Stort, Induction Run, Horizontal 
Enclosed Construction, Solid Mounted, Ball Bearing, 115/230 V., 60 Cyc., 
Continuous Duty, 55° C. Rise, Reversible 





F.L N. E. M. A. | Breakdown FL% FL % Net 
H. P R.P.M No Tq. % FLL Eff P.F Weight 
5 1725 56 250 67 68 34 
i 1725 eT) 250 70 68 39 
; = + + 
1725 56 225 73 74 42 

















BALTRIC—Three Phase, Squirrel Cage, Induction Motor, Horizontal Enclosed 
Construction, Ball Bearing, Normal Torque Design B, 220/440 V., 60 Cyc., 
Continuous Duty, 55° C. Rise 





F.L N. E. M. A.| Breakdown | F. | % | F. 1 | Net 
H.P. | RPM No Tq. %F.L. | Eff PF Weight 
+ + 

i725 | 56 | 340 | 74 | 7 | 28 

} 1725 56 | ? | 76 7¢ T 7 

: - = al | | = - 
hn ; oo ; + ; ; 

11% 1725 184 3 86 87 za 
+ + + , ; 

2 7 184 3 88 89 62 

3 1725 213 | f | 88 a9 97 
> _ > _ , 

1725 215 24 89 8g | 109 














BALDOR STREAMCOOLED® MOTORS 
of present NEMA dimensions 
are still available: 

SINGLE PHASE: ‘4 to 7'2 h. p. 
THREE PHASE: 13 to 20 h. p. 





BETTER MOTORS 


Sold and serviced in more than 350 Trade Centers 














ee ee ee ee ee rT. tours, MO. 
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Casting Engineers, Inc., 
can produce this part for 19c because our method of 
investment casting permits the use of mass produc- 
tion principles by casting, in this instance, 108 pieces 
at one time. 


This pawl is a 
vital part 
of a Bazooka 





® in tool steel to maximum 
tolerances of +.003” 


Investment Casting 
eliminates handling of raw material stock. 


Investment Casting 

eliminates drill press and operator. 
Investment Casting 

eliminates milling machine and operator 


Investment Casting 
eliminates service failures and spoilage 


Casting Engineers’, Inc. 
method is resulting in substantial economies in the 
production of metal parts of all kinds, especially 
those of intricate design or where materials used 
make it impossible or costly to machine. 


asi N Ep, For a guide to important savings, send 
v ? today for new booklet ‘Cost Reductions 
in Vi Snr Through Investment Castings” 
2. S 
70H (XS 


CASING BRYON SRS 


INCORPORATED 


2323 BOSWORTH AVENUE, CHICAGO 14, ILL. 
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Catalogs 
and 
Bulletins 





Request additional information using 
postcards following page 24 


(M-1) ATTENUATORS The 
Daven Co. Booklet, 64 pp. The con 
trols shown are: radio frequency at 
tenuators, special units for precision 
measuring equipment, tone compen 
sating attenuators, stereophonic con 
trols and T, balance H, ladder and 
potentiometer type audio attenuators 
Description, charts and many wiring 


| 


liagrams given for each 


(M-2) VIBRATOR EQUIPMENT 
Syntron Co, Catalog 525, 52 pp A pic 
ure index of the products made by 
this company, including many types 
of vibrators, vibratory packers and 
feeders, vibrating screens and test shak 
ers, gravimetric feeders. Also covers 
selenium rectifiers, electric hammers 
and drills. Specifications of each 


(M-3) MEASUREMENT & CON 
TROL INSTRUMENTS Leeds & 
Northrup Co., ¢ atalog No. 46(1), 48 
pp. Entitled, “Speedomax type G In 
struments for measurement and con 
trol,”” it describes the increasing vari 
ety of uses of the instruments 
industrial production and_ research 
Also included are recorders for meas 
uring ph, daylight illumination, ele . 
trolytic conductivity, and weight or 
mechanical loads. Contains illustrations 


yf installation 


(M-4) RECORDERS AND INDICA 
TORS—Minneapolis-Honeywell Regu 
lator Co Catalog 1520, 45 pp Con 
tains information on the Electronik 
non-control precision instruments for 
measuring temperature, pressure, flow 
pH, and other variables. Has specifica 
tions for each model. Has many illus 
trations showing construction, installa 
tion, and application of the vario 


types 


(M-5) INDUSTRIAL X-RAY 

Westinghouse Electric Corp., Catalog 
104-000, 44 pp. A guide for a com 
plete line of accessories, and supplies 
required for the industrial x-ray instal 
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Heres Help on Your 
Drive Problems 

















Complete 


DRIVES 


Allis-Chalmers Matched Motors, Control and V-belt Drives 
Save Design Time and Cut Manufacturing Cost 


i; be CAN SAVE TIME, SAVE WORK, be sure of 
your power train design when you use coordi 
nated components from Allis-Chalmers. For Allis 
Chalmers can supply you with control, motor and 
Texrope V-belt drive for your machine . . . all of 
one manufacture 


UNIT RESPONSIBILITY 


By using Allis-Chalmers coordinated .drive com- 
ponents, you save paperwork and the time required 
to match parts from different sources. More im 
portant, you know that the components will fit to- 
gether properly. And you don’t have to worry about 
passing the buck on service. One reliable company 
stands behind the complete drive. 


ENGINEERING HELP 


Every Allis-Chalmers representative is an experi 
enced engineer who can give you the kind of help 
you need in selecting the best drive for your ma 
chine. And this team of field experts is backed by 
a large factory engineering staff. 


CERTIFIED SERVICE 


Allis-Chalmers continues to serve you after the sale 
with 97 Certified Service Shops located in every 
industrial area in the country. Certified Service 
Shops are carefully selected independent shops that 
use only factory approved parts and methods in 
servicing Allis-Chalmers equipment 


ALLIS-CHALMERS &3 





tandard and 
Special Motors 

for Almost 
Every Purpose 


O* THIS CHART YOU WILL FIND a standard type 
Allis-Chalmers motor to fit nearly every design 
need from 42 hp up. Many of them have exclusive 
construction features, such as fin cooling and tube 
cooling, which offer you premium performance with- 
out premium price. Many times these features will 
enable you to improve your design without adding to 
the cost of the machine. 


And, of course, modifications from strictly standard 
designs can easily be made to fit your particular re- 
quirements. 

If you have a special problem, Allis-Chalmers will 
gladly furnish experienced design engineers to help 
you work out your motor problems. Allis-Chalmers 
design engineers are particularly helpful because A-C’s 
strong background in control, drives and many types 
of driven machines gives them an especially intimate 
knowledge of motor requirements. 


“Motor Rerating Schedule 


Smaller motors will be rerated and changed 
in size in accordance with the NEMA rerate 
schedule. Check with your Allis-Chalmers 
District Office on smaller horsepower ratings 
after January 1, 1954. 





DRIP * 
and 
SPLASH 
PROOF 


TEFC* 
and 
EXPLOSION 
PROOF 


TUBE 
TYPE 


GEAR 
MOTORS 


FLANGE* | 


VERTICAL 





RANGE 


ly to 300 hp. 450 to 3600 rpm. 208 
220, 440, 550 volts. Frames 203 to 445 
in AP construction. 504 and larger in AW 


CONSTRUCTION 


Stator yokes for AP motors are cast iron. 
AW motors are built with cast steel yoke 
heads, with integral mounting feet, and 
heavy continuous-welded steel drip cov- 
ers. Stator slots are semi-closed for the 


RANGE 

V/, to 100 hp. 600 to 3600 rpm. 208, 220, 
440, 550 Frames 203 to 254 in 
non-ventilated construction. Frames 254 
to 505 TEFC construction. 


CONSTRUCTION 

Special non-clogging design blows itself 
clean, is easy to wipe or blow off if oily 
or moist dirt sticks 


volts. 


Fan-cooled and non-ventilated types 
have the same construction except that 


RANGE 


40 to 
»20, 440 


in larger 


CONSTRUCTION 


Ventilating system is simple 
ethaient. The 


2500 hp. 600 to 3600 rpm 208 
550 volts plus higher voltages 


sizes 


but highly 
is surrounded by a 
Internal fans circulate the 
tubes 
ternal fan drives outside air through tubes 
the heat 


permits separate 


frame 
nest of tubes 
while an ex 


inside air around the 


dissipate This arrangement 


internal air circulation 


RANGE 

7.5 to 520 rpm with 1750 rpm motors, 
1 to 50 hp. 206, 220, 440, 550 
Horizontal or vertical types 


CONSTRUCTION 


Integral type uses round frame, D-flange 
motor, resulting in shorter overall length 
All-motor type uses standard foot-mount- 


volts 


RANGE 

l/, to 150 hp. 450 to 3600 rpm. 208, 220, 
440, 550 volts. Frames 203 to 505 in all 
constructions 


CONSTRUCTION 


NEMA C face and D flange mounting 
construction is available in frames 505 
and smaller in the same range of rating 


RANGE 

ly, hp and up. 450 to 3600 rpm. 208, 
220, 440, 550, 2300 and higher voltages. 
Frames 203 to 505 and up. 


CONSTRUCTION 
Vertical motors with NEMA type P bases 


smaller sizes, open type with form-wound 
coils for the larger sizes. Windings are 
multiple dipped and baked. Rotors are 
cast aluminum with integral fans in frames 
405 and smaller. Copper or copper alloy 
with brazed end rings is used for larger 
ratings. Bearing end shields are cast iron. 
Ball bearings are available in all sizes. 
Sleeve bearings in some larger sizes. 


MODIFICATIONS 
Basic motor is open drip-proof rated 40° 


the fan-cooled motors have an external 
fan and fan shield to circulate and direct 
air over the motor enclosure. Stator yoke 
is ribbed cast iron, designed for easy clean- 
ing. Stator winding is the same as in open 
types. Bearing and shields are ribbed cast 
iron, Ball bearings are used except for 75 
and 100 hp, 3600 rpm motors, which 
have split sleeve bearing construction 


Explosion-proof motors have extra deep 
rabbeted housing fits and bearing seals. 
All seals are metal to metal 


Cleaning is easy but seldom 


Stator yoke is heavy fabricated steel plate 


necessary 
Cooling tubes are generally copper but 
may be of Rotor con 
struction is determined by speed, 
ind application 
heavy 


other materials 
rating 
Bearing end shields are 
cast iron 


nal ribs 


with internal and exter 
Sleeve bearings available in all 
ball bearings in most 
differ 


closed machines only 


MODIFICATIONS 


Basic motor is totally-enclosed 


sizes I xplosion 


proof motors from standard en 


in details 


fan-cooled 


ed motor—recommended whenever space 
permits. AGMA Class I, II, III gears for 
steady loads, moderate shock loads, and 
heavy shock loads respectively. Gears have 
compact, rigid, all-steel housings. Large 
shafts, husky bearings and strong bearing 
mountings resist severe loading. Heat 
treated alloy steel helical gears are lubri- 


cated by direct dip for safe continuous 


as the AP and AW types of motors shown 
at left, inciuding mechanical modifications 
such as splash-proof and enclosed con 
struction. Construction features and elec- 
trical modifications available are also the 
same as for the standard motors 


MODIFICATIONS 


Flange motors may be supplied with or 


are available in the same range of ratings 
as the AP, AW, and AZ types shown at 
left, including mechanical modifications 
such as totally-enclosed and explosion- 
proof construction. Construction features 
and electrical modifications are same as 
for standard horizontal motors. 


C continuous, NEMA Design B. Design 
A, C and D motors also are available 
Other electrical modifications available 
include 110 volts on frames 326 and 
smaller and 2300 volts on frames 445 
and larger, and multi-speed motors with 
constant torque, variable torque and con- 
stant horsepower. Mechanical modifica- 
tions include splash-proof rated 50° C 
continuous. Other modifications, both 
mechanical and electrical, can be made to 
suit your specific requirements. 


MODIFICATIONS 


Basic motor is totally-enclosed, fan-cooled 
rated 55° C continuous, NEMA Design 
B. Design A, C and D motors also are 
available. Same electrical modifications are 
available as in open types. Mechanical 
modifications include non-ventilated in 
smaller sizes and explosion-proof, both 
ventilated and non-ventilated, approved 
by Underwriters for Class I, Group D 
and Class II, Group F and G hazards 


rated 55° (¢ 


continuous 
B. Design A, ¢ 


available 


NEMA Design 
and D motors also are 
Same electrical modihcations are 
available as in open types. Mechanical 
modifications include explosion-proof con 
struction in most sizes up to 800 hp at 
5600 rpm Approved by Underwriters for 
Class 1, Group D and Class I], Group F 
and G tubes may be 
made ot any material to withstand corro 


hazards. Cooling 


sive action of refinery vapors, fly ash, and 


other air-borne corrosives. This motor 


available in vertical mounting type in 


all sizes 


lubrication, protected by heavy duty shaft 
seals 
MODIFICATIONS 


Any be used with 
the complete range of mechanical and 


standard motor may 
electrical modifications shown above. In 
addition, special designs can be built to 


meet special problems 


Round frame 
motors without feet include a special 
ventilating fan to supplement the regular 
rotor fans. The mounting face or flange 
may be obtained especially machined to 
ht specific applications at moderate addi- 
tional cost. Motors may be mounted hori- 
zontally, vertically 


without feet, as required 


(except in certain 
cases) or at an angle. 


MODIFICATIONS 

Special bearings for additional thrust 
carrying capacity are available in some 
cases. Where required special lubricating 
and grease retaining features are available. 





i ERS offers a complete line of full voltage and 
reduced voltage motor starters to meet the require- 
ments of any type of ac motor drive. This includes manual 
or magnetic, reversing or non-reversing, single or multi- 
speed controllers. These starters as well as push button sta- 
tions are available in practically every type of enclosure, such 
as general-purpose, watertight, dust-tight and explosion-proof. 


Accessory control equipment includes d-c contactors, tim- 
ing relays, air and oil contactors for heavy duty starting and 
rotary control switches. Allis-Chalmers engineers have the 
specialized experience to coordinate your power utilization 
problems. 


Allis-Chalmers motor controls give you maximum line-to- 
motor protection with highly efhcient operation and low 
maintenance. Tested performance has already proved the 
superior service qualities of all Allis-Chalmers motor controls. 


For more complete information on any specific control 
problem, call your nearby Allis-Chalmers District Office or 
write Allis-Chalmers, Milwaukee 1, Wisconsin. 


VOLTAGE ° TYPE 


RIPTION 
RANGE ENCLOSURES DESC 





115-230 General-purpose, dust- 
tight, water-tight, ex- 
plosion-proof. 


For manual across-the-line starting of frac- 
tional hp single-phase motors. 


——E 





110-550 V2- General-purpose, dust- For manval across-the-line full voltage start- 
110-550 -7' tight, water-tight, ex- ing and stopping of small squirrel cage mo- 
plosion-proof. tors. Overload protection is provided but 
not undervoltage protection. Manual start- 
ers for single phase fractional hp motors 
ore also available. 





NO UA WNH—O 


110-550 
110-550 
110-550 
110-550 
220-550 
220-550 
208-550 
208-550 


Sizes 0 to 4 are avail- 
able in general-pur- 
pose, dust-tight, water- 
tight, explosion-proof, 
and open types; Sizes 
5, 6 and 7 in all but 
explosion-proof. 


For across-the-line starting and stopping 
where full starting torque and current in- 
rush are permitted. As primary starting 
switches for wound rotor motors where man- 
val starting and speed regulation are pro- 
vided in the secondary circuit. Overload and 
undervoltage protection is provided. 





NOU WN—O 


208-550 
208-550 
208-550 
208-550 
208-550 
208-550 
208-550 
208-550 


Sizes 0 to 4, general- 
purpose, dust-tight, 
water-tight, explosion- 
proof; Sizes 4 and 5, 
circuit breaker type 
only, general-purpose, 
dust-tight, water-tight. 


Same applications as above. Includes fusible 
or non-fusible disconnecting switch or air 
circuit breaker. Overload and undervoltage 
protection is provided. 





110-550 
208-550 
208-550 
208-550 
208-550 
208-550 











Sizes 0 to 4, general- 
purpose, dust-tight, 
water-tight, explosion- 
proof, Class ||, Group 
G, open; Sizes 4, 5 
and 6, all but explo- 
sion-proof. 





For across-the-line starting, stopping and re- 
versing of squirrel cage motors where full 
starting torque and current inrush are per- 
mitted. Also available as combination re- 
versing starters. 


— te tn Ce Be Oe Ee ee See Bee ee. Se ee 
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lla, 


VOLTAGE 
RANGE DESCRIPTION 


440-550 or necessary to reduce starting current inrush or starting 

2000-2500 shock. Two point starting. Overload protection by hand- 
reset temperature overload relays. RMC has stop reset 
button on outside of case. Contacts are oil immersed drum = E 
type. Built in general-purpose semi-dust-tight, and explo- ro 
sion-proof NEMA 9. Also drip-proof hood available. 


220 For starting of squirrel cage motors where it is desirable eee em 
—) 
° 





220 For applications similar to above but starting and running 
440-550 switches are ac electrically operated. Incomplete sequence er 4 
2000-2500 relay is provided for transformer protection. The definite : 
2501-4500 time transfer relay is adjustable. Overload protection by P sie,ewe 
4501-5000 hand reset thermal relays. Under-voltage device for starters uty 
above 600 volts has time delay. All sizes built in general- 
purpose, semi-dust-tight and outdoor NEMA 3 enclosures. t I 
NEMA 4 water-tight and NEMA 5 dust-tight enclosures are 


available up to 600 hp 600 volts max. 


5832 220 For non-reversing, and reversing service. Interrupting rat- 

5832 440-550 . ing ten times motor full load current. Resistor class 116 
for general starting duty and resistor class 156 for high 
inertia starting duty. Definite time, adjustable, motor- 
driven transfer relay. Thermal overload relays are hand 
set. Three-pole line and accelerating contactors are ac 
electrically operated. All sizes built in general-purpose, 
semi-dust-tight, water-tight ahd dust-tight enclosures. Two 
step increment starters for part winding motors are also 
available. 


ALW 220 - For general-purpose applications with motors for driving 

ALW 440-550 pumps, fans, compressors, conveyors, crushers, etc. Approx- 3g 

ALW 2000-2500 imately 200 percent full load motor torque and current a 

ALW 2501-4500 obtained on first point of acceleration. Thermal overload 
and undervoltage protection is included. Available for re- f+ 
versing service. Standard starters are NEMA 1 general- So 
purpose enclosed. All sizes also available in semi-dust-tight \e 





os well as outdoor NEMA 3 enclosures. NEMA 4 water- 
tight and NEMA 5 dust-tight enclosures are available up 
to 600 hp, 600 volts max. 


Type 5852 drums control the secondary circuits of wound 
rotor motors for driving pumps, blowers, crushers, kilns, 
and similar non-reversing applications. They are used with 
@ suitable primary circuit switch. Wiping action keeps con- 
tacts clean. Enclosed in general-purpose or semi-dust-tight 
case. 


~~ 





220 25-300 All Allis-Chalmers synchronous motor starters feature: Posi- 
440-550 25-1750 tive synchronizing, full motor protection, maximum accessi- 
2000-2500 25-3000 bility, easy adjustment, and long life. Application and 
2501-4500 60-3000 removal of dc field excitation is automatic. Magnetic 
4501-5000 200-3000 starters use magnetically operated power starting devices. 
220 20-150 The semi-magnetic type is furnished for reduced voltage 
440-550 20-175 service only. All of these starters use the new type 230 
2000-2500 20-175 polarized field frequency field application and removal 
220 25-300 relay and have these protective features: overload, under- 
440-550 25-1750 voltage, pullout protection, and shut-down in case of in- 
2000-2500 25-3000 complete starting sequence. Standord starters are NEMA 
2501-4500 60-3000 1 general-purpose enclosed. All sizes also available in 
4501-5000 200-3000 semi-dust-tight as well as outdoor NEMA 3 enclosures. 
NEMA 4 water-tight and NEMA 5 dust-tight enclosures are 
available up to 600 hp, 600 volts max. 


To 1250 Enclosed magnetic full and reduced voltage starters with 
To 2250 high interrupting capacity current limiting disconnecting 
To 1250 type fuses. Can be connected directly to circuits requiring 
To 2250 up to 150,000 kva interrupting capacity at 2300 volts and 
To 1500 250,000 kva at 4160 or 4600 volts, without the necessity 
To 2500 of a back-up circuit breaker. The high capacity fuses are 
To 1500 of the current limiting type and thus limit short circuit cur- 
To 2500 rent to a low, safe peak value. Available with choice of 
To 700 air or oil immersed main starting contactors. Standard 
To 1250 units are NEMA 1 general purpose enclosed. All sizes are 
also available in semi-dust-tight and NEMA 3 outdoor en- 
closures. Maximum ratings are with air break main line 
contactors. Ratings are slightly less with oil immersed 
contactors. 











Most Complete Line 
of V-Belt Products 





genta V-BELT DRIVES were originated by Allis- 
Chalmers and there are more T exrope industrial multiple 
V-belt drives in operation than any other kind. Allis- 
Chalmers application engineers are always ready to bring the 
experience gained in engineering these thousands and thou- 
sands of drives to bear on your particular drive problem 
This means that when you use Texrope V-belt drives on 
your machines, you can be sure of getting exactly the right 
drive for your requirements 


You can be sure that the Texrope line includes everything 
you need in the way of V-belt drive components because che 
Texrope line covers more needs belts, constant speed 
sheaves, variable speed sheaves and speed changers . . . with 
a wider range of sizes and types than any other line. When 
you are thinking about a drive for your machine, call your 
nearest Allis-Chalmers District Ofhce for the kind of help 
that will aid you in producing the best possible machine at 


the lowest possible cost 


Super-7 Texrope belts are made in two constructions. For 
the smaller cross-sections, A and B, the laminated construc- 
tion is used. In this construction, the load carrying section 
of the belt consists of many layers of hard twisted rayon 
cord impregnated with and surrounded by rubber. A thick 
cushion of pure rubber protects the cords so their full 
strength can be devoted to carrying the load 


In the larger section belts, C, D, and E, the exclusive 


grommet construction is used. This famous heavy duty con- 
struction gives from 30% to 50% longer life under severest 
operating conditions according to tests under actual running 
conditions. The grommet is an endless loop of hard-twisted 
rayon cord which is concentrated at the points of greatest 
strain. Since the grommet is endless, there is no stiff overlap 
to set up strains in the belt and eventually break down. 


Standard Super-7 Texrope belts are heat resisting and will 
operate safely in temperatures as high as 160 degrees, pro 
viding there is some circulation of air. This is the belt used 


on the great majority of Texrope drives. 

High Capacity Super-7 Texrope belts have 40% greater 
horsepower transmitting capacity and sell at a proportionate 
ly higher price than Standard belts. They are designed for 


drives where Standard belts normally cannot be used or 
where extra heavy duty belts are a worthwhile investment 
Like the Standard, the High Capacity is heat resisting and in 
addition has a Neoprene cover impregnated with a static 
conducting element, making it an Oil Resisting and Static 
Conducting belt. It is the belt to use where oil or static is a 
factor. High Capacity belts are made in all standard sizes 
and lengths and have the same pitch lengths as Standard 
belts. A High Capacity belt is designated by the letter ““M 

inserted in the serial number (Ex: CM144) 


. ’ 
Wide Ranae V-belt 


Texrope Q, R, S and T Section V-belts are generally known 
as wide range belts. Being wider than the conventional A 
B, C, D and E Section V-belts they effect a wider range of 
speeds when used with wide range Vari-Pitch sheaves. The 
Q and R Section belts are used with wide range Vari-Pitc/ 
sheaves and in the smaller speed changer units. S and T 
section belts are used in the larger speed changers 

Wide range belts are specially constructed for flexibility 
and crosswise rigidity. They are both oil-proof and static 
resisting. As stock belts for new drives and for replacement, 
they are carried on hand in all sizes at the factory. 


R + 


The same sound engineering principles that have made 
Super-7 Texrope V-belts leaders in the industrial field, have 
gone into the development of FHP Texrope V-belts for 
fractional horsepower service. These V-belts are shock ab- 
sorbing, with tough, pre-stretched cable cords for added 
strength and flexibility. Rubber impregnated cable cords 
reduce internal friction lessen heat deterioration. Duplex- 
Sealed two-ply covers protect belts . offer maximum re 


sistance to wear, 


Texrope V-belts are built in a true ““V" shape with straight 
sides. As the belt bends around a sheave it has a natural 
tendency to bulge at the sides. This bulge is confined by the 
rigid V-shaped grooves of the metal sheave. This results in 
high pressure contact between sides of the belt and the 
groove walls, thus producing a strong, vise-like grip — the 
famous Texrope Drive grip. And with this famous V-belt 
grip you get dependable, non-slip performance. 
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Hew Magic-Grip sheave works 





Medel C Magic-Grip sheave 
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Medel NC Magic-Grip sheave 








Magic-Grip Constant Speed Sheaves 


The Magic-Grip cast iron sheave is designed for fast, easy 
mounting and demounting. It is clamped quickly and firmly 
to the shaft by tightening a few screws which compress the 
split tapered bushing sleeve. A small handy wrench — fur- 
nished free with every Magic-Grip sheave — is the only tool 
needed. 


HERE'S HOW IT WORKS... The tapered split sleeve of 
bushing slides almost all the way into the tapered bore of 
the sheave without forcing. The sheave, complete with bush- 
ing, is placed on the shaft as a unit. Tightening the screws 
draws bushing deeper into tapered bore — compressing the 
split sleeve — and locking entire sheave uniformly to shaft. 
Torque is transmitted through keys. 


TWO STYLES OF BUSHING . Magic-Grip bushings 
are made in two styles. C style has separate ‘free moving” 
steel collar and axially adjusted capscrews. It is used in all 
B, C and D section and the larger sizes of A-B section 
sheaves. Style NC has no collar and radially adjusted set- 
screws. It is used in the smaller sizes of A-B section sheaves. 
The style NC bushing is especially designed to allow maxi- 


mum bore in the smaller diameter sheaves. Both style bush- 
ings make use of the same principle and are equally simple 
to operate. Complete instructions furnished with every sheave 


ADVANTAGES OF MAGIC-GRIP SHEAVES.. .. Patented 
construction is simple, foolproof. You simply slip the as- 
sembled unit on the shaft — slide it to desired position and 
trghten the screws. The result is smooth running perform 
ance — no wobbling action — no vibration ! 


STOCK SIZES 


T ¥ 


*A-B SECTION B SECTION C SECTION D SECTION 
5to 12 Grooves 


Pitch Diameter 


3 to 10 Grooves 
Pitch Diameter 


2 to 10 Grooves 
Pitch Diameter 


1 to 6 Grooves 
Pitch Diometer 


6.8 15.4 90 10.2 24.0 13 


3.0 5.0 10.6 5.4 0 18.0 
3.2 §$.2 12.0 5.6 7.0 16.0 9.2 106 W.0 13.4 22.0 
3.4 54 15.0 5.8 7.4 18.4 9.4 11.0 36.0 13.8 27.0 
3.6 5.6 18.0 6.0 8.6 20.0 96 13.0 44.0 14.2 33.0 
3.8 5.8 19.6 6.2 9.4 25.0 98 160 50.0 14.6 40.0 
40 60 24.6 64 11.0 30.0 10.0 20.0 15.0 48.0 
42 62 29.6 66 12.4 38.0 15.4 
44 64 37.6 13.6 
46 7.0 
48 8.2 

9.0 


*P.D. shown is A Section. To find B Section P.D. add .4 inch 





Vari-Pitch Sheaves and Speed Changers 


Speed adjustment on your machine may do much to increase 
its value to your customers. Easy speed adjustment makes 
it possible to adjust the machine to optimum operating 
speeds or to vary the speed to suit varying conditions. Allis- 
Chalmers offers several reliable methods of changing ma- 
chine speeds, depending on the requirements of the partic- 
ular application. 

ADJUSTABLE SHEAVES Give exact speed adjustment 
by means of threaded plate which carries groove sides closer 
or farther apart. Available for A and B belts from fractional 
to 4 hp. Adjustable while stationary only. 

STANDARD RANGE VARI-PITCH SHEAVES . . . Uses 
A, B, C, D or E section belts to produce speed variations up 
to 28%. This type of drive is available from 1 to 300 hp 
Designed for either stationary control or motion control. 
Stationary control sheaves may be adjusted only while sheave 
is not running and is usually used where speed changes are 
relatively infrequent and where the speed to be obtained can 


nha 
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be pre-determined. Where adjustment while the drive is 
running is desired, motion control can be used. This method 
is recommended where speed changes are frequent or where 
adjustment must be made while observing the machine in 
operation 


WIDE RANGE VARI-PITCH SHEAVES 


R section belts to produce speed variations up to 100% 


Uses Q and 


This type of drive is available from 142 to 40 hp. Designed 
tor either stationary or motion control and operates on ex 
actly the same principle as the standard range Vari-Pitch 
drive. Wide range Vari-Pitch drive is also available in the 
automatic sheave. This sheave has a belt tension stabilizer 
which automatically adjusts the pitch diameter of the sheave 
to keep the belt in proper tension as the motor is moved 
back and forth on its base. This arrangement gives a wide 
range of speeds by simply adjusting the position of the 
motor by means of the take-up device, usually a screw 
Texslide bases are particularly well suited to this operation 
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Fractional Horsepower Pump 


COMPLETE LINF of frame-mounted and close-coupled 
A horizontal and vertical pumps for coolant circulating, 
air conditioning and hundreds of other uses. Close-coupled 
de signs combine motor and pump in one easy-to-mount unit 
while frame-mounted type can be driven through coupling 
for Texrope V-belt drive. Mechanical seal is standard except 
on some sealless models designed especially for handling 
coolants with chips and abrasives in suspension. Choice of 


motor enclosures on close-coupled models. 


| 


BULLETIN CAPACITY TO HEADS TO 





Horizontal Close Coupled | 
Vertical Close Coupled 


Frame Mounted 


80 GPM 
250 GPM 
500 GPM | 


140 FT 
125 FT 
135 FT 


52B6975 
5286691 


| 
t 


| 
5287529 | 
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Larger Pumps 


Allis-Chalmers builds a complete line of centrifugal pumps, 


both close-coupled and 


frame-mounted, for almost every 


service. In addition to the famous Electrifugal close-coupled 


pump with the unit-cast frame, the line includes the support- 


ing adapter type of close 


-coupled pump and frame-mounted 


pumps with both oil and grease lubricated ball bearings. 


Capacities range to 2500 gpm and heads to 550 feet. 


Electrifugal, Texrope, Var 


Pitch, Magic-Grip, Super-7 and Texslide 


ore Allis-Chalmers trademarks 


ALABAMA 
Birmingham 3, 2000 First Ave., North 
ARIZONA 


Phoenix, 


30 West Madison St 


CALIFORNIA 


Los Angeles 13, 417 S. Hill St 
San Diego 1, 747 Ninth Ave 
San Francisco 7 


650 Harrison St 


COLORADO 


Denver 


909 17th Street 


CONNECTICUT 


N 
DIS 


Hartford, 750 Main St 

ew Haven 10, 157 Church St 

TRICT OF COLUMBIA 
Washington § 

FLORIDA 
Jacksonville 7 
Miami 32, 25 S.E. 2nd Avenue 


l4th & H Sts 
1628 San Mar 


405 S. Morgan St 


GEORGIA 


Atlanta 3, 57 Forsyth St., N.W 


ILLINOIS 


135 So. LaSalle St 
301 S. Adams St 


Rocktord, 303 North Main St 


INDIANA 


Evansville 9, 129 Locust St 

Indianapolis 4, 11 S. Meridian St 
IOWA 

Davenport, 326 W 

Des Moines, 206 Sixth Ave 
KANSAS 


Third St 


111 So. Main St 


KENTUCKY 


Louisville 2, 


241 S. Fifth St 


LOUISIANA 


New Orleans 12 
Shreveport 23, 624 Travis St 


MAINE 


210 Baronne St. 


Water St 


MARYLAND 


Baltimore 18, 1115 East 30th St 


MASSACHUSETTS 


31 St. James Ave 


MICHIGAN 


J d 
MINNESOTA 


W. Grand & 2nd Bivds 


Grand Rapids 2, 5-7 Lyon St., N.W 
07 W 


Michigan Ave 


St 


10 E. Superior 
Minneapolis 2, 821 Mareuectte Ave 


MISSOURI 


Louis 3 


Kansas City 6, 6 East llth St 


1205 Olive St 


MONTANA 


81 Hirbour Building 


NEBRASKA 


NEW 


14th & Farnam Sts 


JERSEY 


1060 Broad St 


Distributors in all | 


O fice 


and aiiirio Si a 


NEW MEXICO 
Albuquerque, 3 
NEW YORK 
Buffalo 3, 535 Washington St. 
New York 7, 50 Church St 
Rochester 4, 241 East Ave 
Syracuse 2, 472 S. Salena St 
NORTH CAROLINA 
Charlotte 2, 212 S. Tryon St 
OHIO 
Akron 8, First National Tower 
Cincinnati 17 Vine St 
Cleveland 14, 815 Superior Ave., N.E 
Toledo 4, 245 Summit $ 
Youngstown 3, 25 | oardman St 
OKLAHOMA 
Oklahoma City 1, 401 N. Harvey St 
Tulsa 3, 320 E. Archer St 
OREGON 
Portland 4, 520 S.W 
PENNSYLVANIA 
Philadelphia 3, 1617 Pa. Blvd 
Pittsburgh 19, 421 Seventh Ave 
Wilkes-Barre, Market & Franklin Sts 
York, 42 East King St 
RHODE ISLAND 
>, 


Providence 3, L11 Westminster St 


th Ave 


TENNESSEE 
Chattanooga 2, 737 Market St 
Knoxville 531 S. Gay St 
Memphis 3 46 N hird St 
TEXAS 
Amarillo, 301 
Beaumont, 490 Bowie St 
Dallas 2, 1800 N. Market St 
El Paso, Corner Oregon & Mill Sts 
Fort Worth 408 West 7th St 
Houston 3, 1719 McKinney Ave 
San Antonio 5, Commerce and 
Main Ave 
UTAH 
Salt Lake City 1, 136 S. Main St 
VIRGINIA 
Richmond 19 
WASHINGTON 
Seattle 1, 1318 4th Ave 
Spokane 1, West 422 Riverside Ave 
WEST VIRGINIA 
Charleston 1, 17 
WISCONSIN 
Milwaukee 2, 


CANADA 
Montreal, Quebec, 1520 Mountain St 
Toronto, Ontario, 629 Adelaide St. W 
Winnipeg, Manitoba, 56 Albert St 
Calgary, Alberta, 805 Greyhound Bldg. 
Vancouver, B.¢ 1200 W. Pender St 


Polk St 


7 East Main St 


) Summers St 


N. Van Burn St 


throughout the mited States 


ed throughout th 
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The remarkably wide range of uses to which components 
made and processed by Western Felt is astonishing. 


It is serving in scores of industries—from women's hats to 





50 ton forge hammers. In the automobile field alone, 

as an example, this felt has been chosen to best serve in 
more than thirty purposes per car. 

Western Felt engineers and chemists for decades have worked 
in close cooperation with users of felt to give them the very 
highest quality of material, exactness and uniformity. There 
are still a world of potential uses for Western Felt 
products, made to almost any shape, size or consistency. 
They range from wool-softness to rock-hardness. 

When cut, it does not tray or lose shape. It 

can be cut to close tolerances for such products 

as gaskets, washers, channels, grommets, filters, 

seals, etc. It can be made waterproof and fungus-proof 

and flame resistant. Ask Western Felt engineering co- 


operation—they have specialized knowledge to aid you. 


waste Say 


Bronches in of! Principal Cities fe) a 44 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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lation. Divided into four categories; 
films and chemicals; radiographic ac- 
cessories; dark room accessories: and 
viewing and filing equipment. 


(M-6) PRACTICAL DIMENSION 
ING—Gisholt Machine Co. Booklet 
40 pp. Discusses such terms as clear- 
ance, tolerance, and limits, and gives 
examples of good dimensioning on dif 
ferent types of drawings. 


(M-7) PRECISION GAGES — Nils 
son Gage Co. Inc., Catalog D 36 pp 
Contains description and many illus 
trations and drawings of a line of dial 
bore gages covering a range from 3/16 
in. to 12 in.; the dial snap gage; dial 
groove and groove location gages; and 


the dial pitch diameter gages. Specif 












SHEARS 
4 hand models 
4 power models 


PRECISION 
MACHINES A 
, 


pe BENDERS 
5 hand models 
2 power models 
, 








ROD 
PARTERS 


2 hand models 


for Die-less Duplicating 





1 power model 





PUNCH 
PRESSES 


2 hand models 


ations of each gage given 
(M-8) DRAFTING ROOM EQUIP 


MENT—Engineering Mfg. Co. Cata 
log 7A, 36 pp. Has illustrations and 





2 power models 





be 














: information on a complete line of 
NEW BENDING NOTCHERS drafting room furniture and equipment 
CATALOG MANUAL ) 1 hand model Includes: drawing kits, drafting 
packed with ideas gives exact methods : | power model boards, chairs, triangles, T-squares 

making parts by tor bendin rocess — i 

“Die-less  Duplicat i: a ae an coe fee and other devices. 
ing the money terials. Over 90 dia- 
saving time-saving grams and charts M-9 ‘RIC I STAND, YS 
technique created by with tooling sugges- ID wow poser (M ) AMERI AN STANDARLI 
Di-arco tions and models = PRICE LIST - American Standards 






ROLLERS ° 
Sent on Request hee 2hend Li Association, 32 pp. Contains prices for 

. . 2 
O’NEIL-IRWIN MANUFACTURING CO. models products used in various industries 
421 8th Ave., Lake City, Minnesota a ' } 
SS Included are: civil engineering and 
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COMPLETE CONTROL PANELS ==>} 




















Phoenix Standardized 
Custom Service Gives 
YOU Lower Costs 


HOLDERS 


Check these quality brush-holder features 
with the virtual certainty that Phoenix can 
supply brush-holders to your exact require- 
ments at lower cost than you can make 
them! ... light weight... high strength 
materials ... full ventilation .. . uniformly 
close tolerances... patented “stay-put” 
terminal clip . . . deliveries as promised. 
. Act to get the new Phoenix Catalog today. 

..-for All Types of Equipment | Gina tor Conatan $00 

PHOENIX ELECTRIC MANUFACTURING CO. 
| 711 WEST LAKE STREET CHICAGO 6, ILL. 

















FP 


To these problems we bring two broad values: (1) knowl- 
edge of electromagnetic control operations gained by an 
experience going back to 1888 and (2) a wide range of 
well proved electromagnetic control devices such as trans 
fer switches, remote control switches, contactors and relays 

which we incorporate in the design of ASCO Complete Let Your Co-Workers 
Control Panels. 
Our engineers will be glad to help you work out the most Read Your HANDBOOK 
efficient control system for your equipment. 

See Section J for data on ASCO Solenoid Valves and 
Section | for'data on ASCO Electromagnetic Control Units. 








Those of your associates who don’t now subscribe 
to Product Engineering will appreciate seeing your 


Photo above—SHELL-O-MATIC—produces precision shell molds in HANDBOOK of Product Design. 


90 seconds or less! 


ASCO Solenoid Valves sequenced by ASCO Relays completely 


control the operation! Be sure they return it, though! Along with last year’s 


edition, you'll find this new HANDBOOK—and every 


Aulomalic Switch Co. year’s new issue—constantly useful in your work. 


385 LAKESIDE AVENUE - ORANGE, NEW JERSEY 
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Presenting some outstanding “portraits” from 


THE LYCOMING GALLERY 
OF FAMOUS 
AMERICAN PRODUCTS 


... featuring Lycoming’s contributions to 
these products as seen through the eyes of 
Boris Artzybasheff, one of America's 








great contemporary illustrators. 


“Sinews”’ 
to give cars “go” 


Look closely—one of these achievements for America’s 





industrial and military leaders may indicate how Lycoming 
can solve your metal-working problem. For vital automotive parts 
See how these “portraits” help interpret Lycoming’s precision-machined ——" 
: er. nents that can “‘take it,”” year 
abilities. See why you can depend on Lycoming’s versatil- : 
after vear, leading automobile 

ity of skills, extensive facilities, and well-rounded experi- manufacturers like FoRD, } 


ence to meet your most rigid metal-working requirements. long looked to Lycoming 


Whatever your problem whether you need creative 





engineering for “just an idea”’ or precision or volume pro- 


duction of a finished product—“Look to Lycoming!” 


For a more complete story on Lycoming’s varied abilities 


and facilities, write—on your company letterhead—for the 





interesting, illustrated booklet “‘Let’s Look at Ly« oming.”” 





Presenting some of America's leaders who 


LOOK TO LYCOMING 





AERO DESIGN AND ENGINEERING COMPANY INTERNATIONAL BUSINESS MACHINES CORPORATION 
AMERICAN CAR AND FOUNDRY COMPANY KAMAN HELICOPTER CORPORATION 
AIR MATERIEL COMMAND NAVY BUREAU OF AERONAUTICS 
“ “ : 
BEECH AIRCRAFT CORPORATION NEW IDEA FARM EQUIPMENT COMPANY Blasts” for jets 
BENDIX AVIATION CORPORATION PIASECKI HELICOPTER CORPORATION To precision produce tough, 


, PIPER AIRCRAFT CORPORATION unfailing major compone nt 
that put the “blast” in its s 


perb J 17 jet engine—GENERA 


CESSNA AIRCRAFT CORPORATION 
THE CLEVELAND PNEUMATIC TOOL COMPANY PRATT & WHITNEY AIRCRAFT 
RYAN AERONAUTICAL CORPORATION 





DOMAN HELICOPTERS, INC, 


FOOD MACHINERY & CHEMICAL CORPORATION SYLVANIA ELECTRIC PRODUCTS, INC. ELEcTRIC looks to Ly g 

FORD MOTOR COMPANY THOMPSON PRODUCTS, INCORPORATED 
s ORDNAN 

GENERAL ELECTRIC COMPANY . ss Cnn 


WESTIN s > 
GENERAL MOTORS CORPORATION ESTINGHOUSE ELECTRIC CORPORATION 


CHEVROLET-AVIATION ENGINE DIVISION WRIGHT AERONAUTICAL DIVISION 
DETROIT TRANSMISSION DIVISION CURTISS-WRIGHT CORPORATION 





How a helicopter New “ticker” for tanks How a jet engine “Air horses” for 

hangs by its “elbows” | Foradependabletank“heart” runs on its “nerves” lifesaving over the sea 
For flexible “elbows’’—rotor 500 horsepower’s worth of lo produce the auxiliary To help swell the production 
issemblies that control the rugged, air-cooled engine “nerve center” for its J-40 ofthe mighty Wright-Cyclons 
amazing maneuvers of itsH-21 | U.S. ARMY ORDNANCE looks to jet engine—a complex gear- engine dependable ‘“*horses 
“Work-Horse” Helicopter Lycoming, pioneer in the air- box that transmits power to for air-sea rescue work 
PIASECKI looks to Lycoming cooled engine field, vital accessories—WESTING CURTISS-WRIGHT and the U. s 
for precision production HOUSE looks to Lycoming. AIR FORCE look to Lycoming 











FOR RESEARCH * FOR PRECISION PRODUCTION 


—"“LYCOMING 


Lycoming Spencer Division, Williamsport, Pa (4 Ud) Bridgeport Lycoming Division. Stratford, Conn 





AIR-COOLED ENGINES FOR AIRCRAFT AND INDUSTRIAL USES « PRECISION-AND-VOLUME MACHINE PARTS « GRAY-IRON CASTIA S « STEEL-PLATE FABRICATION 
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PROBLEMS OF REMOTE CONTROL 
AND POWER TRANSMISSION 


In standard assemblies or designed to your specifications 


If you're working on a problem of torque or impulse 
transmission, Walker-Turner can help. 

Pioneer in flexible shafting, Walker-Turner has assisted 
in developing many important applications now serving 
the automotive, aeronautical, electronics and industrial 
machinery fields, and is continually exploring new 
applications for this adaptable type of drive and control. 


You are invited to make use of the comprehensive 
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facilites of the Walker-Turner Engineering Department — 


without obligation. 


For Complete Information 
Contact The Representative Nearest You 


California 

M.F. Huseby Company, inc 

2501 Yates Avenue 

Los Angeles 22, Calif 

Tel; Underhill 0-4529 
Connecticut 

Hammeal & Lawrence Co 

99 Robbins Drive 

Wethersfield 9, Conn 

Tel: Hartford 39-2080 
Georgia 

Mr. Lawrence E. Gibbs 

278 Eureka Drive, N.E 

Atlanta, Georgia 

Tel: Gherokee 8370 
Indiana 

Mr. Victor H. Drummond 

3465 College Avenue 

Indianapolis, Indiana 

Tel: Winthrope 2362 
Michigan 

Eugene J. Gardulski 

15486 James Couzens Highway 

Detroit 21, Michigan 

Tel: University 4-5053 
Missouri 

Mr. Ralph D. Einsel 

Hotel Kansas Citian 

1216 Broadway 

Kansas City, Missouri 

Tel: Harrison 4410 
New Jersey 

Mr. Edmund G. Ryan 

113 Central Avenve 

Point Pleasant, N. J 

Tel: Point Pleasant 5-2963 
New York 

Martin Miller, inc 

401 Broadwoy 

New York, New York 

Tel: Canal 6-4950 

Mr. Edward T. Bonner 

44 Stanford Road West 

Rochester 20, N. Y 

Tel: Monroe 8721-M 


Ohio 

Mr. Edward B. Grubb, J 

286 Beeler Drive 

Berea, Ohio 

Tel: Berea 4-5082 
Pennsylvania 

Mr. Thomas A. Malek 

310 Oak Lane 

Wayne, Pennsylvania 

Tel: Wayne 3122 
Tennessee 

John T. Everett & Co. 

606 M & M Building 

P. O. Box 290 

Memphis |, Tenn 

Tel: 37-4525 
Virginia 

Mr. Wiliam M. Keahey 

2102 North Scott St, 

Arlington, Virginia 

Tel: Owens 4037 
Washington 

D. H. Lundin & Company 

1127 E. Northicke 

Seattle, Washington 

Tel: Evergreen 1530 
Wisconsin 

Mr, Patrick J. Fitzharris 

3246 North Oakland Ave. 

Milwaukee, Wisconsin 

Tel: Woodruff 2-2014 

Mr. Sherman Margoles 

6784 W. National Ave. 

Milwaukee 14, Wisconsin 

Tel: Greenfield 6-8300 Ext, 407 


5 


Canada 
Mr. William E. Wilson 
Wilson & Company 
2149 Yonge Street 
Toronto 12, Ontario 
Tel: Hudson 8-8516 
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RUBBER PARTS 






Recognized the Finest 


We monufacture all the conventional types 
of leather packings, Cup, Flange, 45° & 60° 
"Vv", “U" Packings, all scientifically engi- 
veered to specific application for vacuum, 
air, oil and hydraulic service. In addition, 
mechanical leathers, coupling discs, gaskets 
and washers, etc. 
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Since 1889 our combined years of ex- 


A BROAD COVERAGE 


Our three companies offer manufactur- 


perience and industrial “know how” en- 


able us to solve magy product design 


ers an opportunity to obtain a complete 
PP Y P problems where others have failed 
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NEW BOOKS 


General Engineering 





Advanced Strength of Materials by 
J. P. Den Hartog, Professor of Me- 
chanical Engineering, Mass. Inst. of 
Tech. 379 pp., 642 x 9% in. Pub- 
lished by the McGraw-Hill Book 
Co., 330 W. 42nd St., New York 36, 
N. Y. $8.50. 


his volume is specifically designed 
to bridge the gap between books de 
voted to strength of materials and those 
lealing with theory of elasticity 

The first part of the book, which 
and 
non-uniform rotating disks, membrane 


stresses in shells, and beams on 


overs torsion; stresses in uniform 


elastic 
foundations, was developed for senior 
engineering students. The second part 
which includes two-dimensional theory 
of elasticity, energy theorems, buckling, 
ind miscellaneous topics such as Mohr's 

rcle for three dimensional stress prob 
lems was given as a graduates course 
Following the presentation is a selected 
group of 217 problems to illustrate th 


prin iples discussed 


Legal Guide for Contractors, Archi- 
tects & Engineers by L. Vernon 
Werbin, Lawyer, Professional Engi- 
neer. 374 pp., 62 x 9 in. Published 
by McGraw-Hill Book Co., 330 W. 
t2nd St., New York 36, N. Y. $4.75. 


Because the author 
1 civil eng 


1 


} 


DOO \ an 


1 | 
,00k 


which 


Handbook of Engineering Funda- 
mentals by Ovid W. Eshbach; Sec- 
ond Edition; 6 x 9 in., John Wile} 
Inc., 440 4th Ave., Neu 
16, N. Y. $10. 


& Sons, 


York 


The first edition of 


book was well received 

neering entirety, primarily because it 
ontained in compact form a great deal 
of the fundamental engineering data 
required for design, development and 


production This, the second edition 


30 


has been considerably revised insofar 
as subject matter is concerned, but still 
contains basically the same type of data 

The 14 section headings listed are 
as follows: Mathematics; Physical Units 
and Standards; Mechanics of Rigid 
Bodies; Mechanics of Deformable Bod 
ies; Mechanics of Incompressible 
Fluids; Aerodynamics; Engineering 
Thermodynamics; Electricity and Mag 
netism; Radiation, Light, and Acous 
tics; Chemistry; Metallic Materials: 
Non-Metallic Materials; Engineering 
Law. 


Methods of Applied Mathematics 
by F. B. Hildebrand, Associate Pro- 
fessor of Mathematics, Massachusetts 
Institute of Technology. One of 
Prentice-Hall Mathematics Series, 
Dr. Albert A. Bennet, Editor. 6 x 9 
in., 523 pp. Published by Prentice- 
Hall Inc., 70 Fifth Ave., New York, 
Mi. 2s Ol. he 

The purpose of this volume is to 
place at the disposal of the engineer 
or physicist the basis of an intelligent 
working knowledge of a number of 
facts and techniques relevant to four 
fields of mathematics 
treated in 
inced calculus type 


which are not 


usually courses of the 


In all cases, the procedur ons 
showing how typical probl ms 1 
irise, of establishing thos« 


theory which are of prin 


significance, and of deve 
niques tor analytic il and numer 


ilysis and proble: 


Engineering Drawing by Thomas I 
French, Late Professor of Engineer- 
ing Drawing, Obio State University, 
and Charles J. Vierck, Professor of 
Engineering Drawing, Obio State 
University. 6 x 9 in. 715 pp. Pub- 
lished by McGraw-Hill Book Co.., 
330 W. 42nd St., New York 
N. Y., $6. 


36. 


This new edition brings the text and 
problems up to date by eliminating 
obsolete material and incorporating the 
practices and techniques consistent with 
current standards. Material is now ar 
ranged in four basic divisions: First 
the basic material on shape description 


Product 


Second, the chapters on size descrip 
tion. Third, the basic machine 
ments, fasteners, gears and 
Fourth, working drawings. 

New fe 
orthographic reading is almost wholly 
new, a is now a complete treatise on 


ele 
cams 
inc lude 


atures chapter oO 


material on screw threads 
and fasteners has been rewritten to 
conform to the new unified thread 
standards, Acme and stub Acme stand 


ards, ASA bolt and screw standards 


+} ! 
he supyect; 


Advanced Mechanics of Materials 
by F. B. Seely, Prof. Emeritus of 
Theoretical and Applied Mechanics 
and J. O. Smith, Prof. of Theoretical 
and Applied Mechanics, University 
of Illinois. 6 x 9 in., 680 pp. Pub- 
lished by John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, 
N. Y. $8.50. 


Although methods of analysis are 
given careful attention throughout, 
equal emphasis is given to the engineer 
ing evaluation and interpretation of the 
the 
tions made and principles used 

The 
Part | 


lementary 


analyses as influenced by assump 


treatment consistS Of Six 


includes such basic topics 


stress formulas for stati 
and 
ind theories of failure by yielding 
Part II treats some special topics like 


nonsymmetrical bending 


loads, stresses strain at a point 


mecmp 


+] 


lastic supports 


thick-wall 1 


bars, 
ict stresses 
Part III discuss 
oncentration, 
iS determin | DY 
hniques. Part IV 
thods. It includes 
nergy principles for determining 1 
deflectior 


liano’s theoren 


lations between loads 


applications of Castig 
and deflections of members an 
structures by the unit load 
load method 

The fifth 
nce of small elasti 


part considers th 

strain on the 
carrying capacity of m mbers and 
next 
elastic and inelasti 


carrying 


part is an introduction to th 


strains on the load 
Th 
introdu 


and nelast 


capacity of members 
and last part is an 
tion to the 


buckling of 


seventh 
¢ last 


columns and tubes 
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Fig. 1—Several types of 
military instruction manu- 
als. When classified ac- 
cording to the kind of 
information they contain, 
these break down into (1) 
operating instructions, (2) 
service instructions, (3) 
overhaul instructions, and 
(4) parts lists. 





Instruction Manuals 


.. they're necessary for industrial equipment, required for military 


gear, often demanded by the sales department. Here are the 


requirements for acceptable manuals, whether military or commer- 


cial, and methods of producing them at reasonable cost. 


JOHN W. WIGHT 
General Manager, Technical Writing Ser 
McGraw-Hill Book Company 


AFTER EQUIPMENT has been designed 


and built, it must be operated and 
maintained. The reputation of the 
manufacturer often depends on how 
well these latter functions are per 
formed. Yet operating and main 

nance personnel frequently have 
a minimum of technical 
and are far removed 
neering department 


only 
knowledge 
from the engi 
To bridge this gap in training and 


listance, the designer must rely on an 


Product Engineering 


instruction manual of some type. A 
good instruction book insures that the 
operator will get maximum effective 
ness and rated life from the equipment 
A poor one may cause mishandling, in 
adequate maintenance, and 


loss ot 


eventual 


sales 


Requirements 

of Military Services 

Most 
the production oft two types of manu- 
als, military and commercial. Although 
the same overall techniques may be 
applicable to the production of both 
(1) the objectives of the manuals may 


manutacturers are faced with 
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or may not be the same, and (2) sp« 
cific requirements have 
lished by the military and these must 


been estal 
be met 

Currently, the preparation of nearly 
all military instruction books is_ the 
responsibility of the manufacturer, and 
requirements are specified in the in 
tial equipment contract. A not ur 
contractual arrangement 
that no payment can be made for any 
equipment until all requirements have 
been fulfilled, and this is always inter 
preted to include the 
struction books 

Each branch of the 
has different 
in the types of manuals they requir 
but in methods of presentation, ins} 
tion procedures, and other condition 
of acceptance. The 
sion of these requirements has no of 


common 


delivery of 


military service 


requirements, not only 


following discus 
ficial status, of course, and deals only 
with general conditions to which ther 
are many exceptions. Nevertheless 

is representative of the current status 
and can be used as a guide subject to 
checking with the cognizant military 
ncy concerned 
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Fig. 2—Air procurement dis- 
tricts and regional offices. In- 
spection for Air Force equip- 
ment manuals is usually han- 


dled by Regional Offices. 
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Table I — Sources of Speci- 
fications for Military 
Instruction Manuals 





AIR FORCE 
Commanding General 
Air Materiel Command 
Wright-Patterson Air Force Base 
Ohio 


ARMY — Ordnance Corps 
Commanding Officer 
Publications Division 
Roritan Arsenal 
Metuchen, New Jersey 


ARMY — Signal Corps 
Commanding Officer 


Signal Corps Procurement Agency 
Philadelphia, Pa. 


NAVY — Bureau of Aeronautics 
Commanding Officer 
U. S. Naval Air Station 
Johasville, Pennsylvania 


NAVY BUSHIPS—Electronics Publications 
Bureau of Ships 
Electronics Division 
Department of the Nevy 
Washington 25, D.C. 

Other Navy Publications Specifications 
Bureau of Supplies and Accounts 
Department of the Navy 
Washington 25, D.C. 


Specify title and identifying number or 
symbol when requesting specifications. 


As 


Department of the Air Force 


Air Force instruction book requit 


ments can be classified accord ng to th 
type of equipment. 


Test equipment. Usually requires tw 
publications, a Handbook of Operat 
ing and Service Instructions and a 
Parts Catalog 


Electr NIC eguit ment Needs rou pul 
lications: Handbook of Operating In 
structions, Handbook of Service I: 
structions, Handbook of Overhaul I: 
structions, and a Parts Catalog 


Other equipment. With the exceptior 
of aircraft and aircraft engines, r 
quires three books: Handbook of O; 
erating and Service Instructions, Hand 
book of Overhaul Instructions, and 

Parts Catalog. 


Simple equipment. Frequent 
by a single publication that 1s a 
bination Handbook of Over! 
structions and Parts Catalog 
Parts Catalogs also are kno 
lustrated Parts Breakdowns 
The contents of all books 
rned by detailed specifications 


overall requirements, especially in r 
gard to format, are controlled by MII 
H-5474A, a specification coverit 
ral preparation of handbooks 


Product Engineering 


The normal final form of a ‘ 
furnished handbook is a 1 production 
opy ready for photo-offset printing 
Sometimes, only the manuscript is 1 
quired if the information is to be 
corporated in a larger, more compre 
hensive publication. If considerable re 
vision is expected to include equipment 
design changes, photo-offset negatives 


are made for Air Force printing pr 


poses and the contractor retains th 


lf 


reproduction copy 

Air Force publications inspection 
usually handled by the Maintenance 
Data Sections of Regional Othces of 
the Air Materiel Command (Fig 2) 
twenty-five of which are located 
throughout the United States 


Department of the Army 


The two branches of the Army that 
procure the most equipment instru 
on books through manufacturers 


the Ordnance Corps and the Signal 

Corps 

Or: ) ( This 

multi-book system for its equipn 
rature, the usual breakdown be 


Operator's Technical Manual. Mais 
nat Technical Manual and Supp! 
Catalog The Op rator s I hr 
Manual furnishes operation and mait 
tenance informance for using troory 


ranizations, with discuss 
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to removal and replacement of com- 
ponent assemblies, cleaning, lubrica 
tion, adjustment, and minor repair 
Tactical operating instructions are not 
included 

The Maintenance Technical Manual 
ofters a higher level of maintenance in 
formation, including repairing and re 
building within limitations of field and 

pot maintenance organizations 

Parts information is provided in the 
form of Supply Catalogs known as 
SNL's (Standard Nomenclature Lists ) 
There are three types of SNL's: ORD 
a list of replacement parts avail- 


ible to the using arm; ORD 8, tor 
field and depot maintenance organiza 
| 


ons; and ORD 9, a more comprehen 
and generally complete list of all 


parts of the equipment. Sometimes 
ORD 7 is eliminated or combined with 
ORD 8 


The Ordnance Corps has compiled 
in extensive series of RA PD (Raritan 
Arsenal Publications Division) spec 
tions covering Ordnance technical 
iblications: RA PD 1A, which cor 
tains general instru 


of technical publications for 


tions tor th 


ratior 


inance mat nd RA PD 1! 
hich u ludes g ral ir l Ss to 
1e preparation of illus De 
1 1 Sper ncations I S| tl type 
juipment t bered RA PD 
RA PD 3. and 
The final fe Or 
da instru book it | 
vritten man pt and I 
| llustratior Th nbe 
ANUSCTi] 1 illustratic 5 
v } +} 
prepared 
Inspection ar Lf il 
1 publications I ] 


prepared | 5 
through the Publications Division of 
Arsenal, Metuchen, New Jer 


with the e: ption of automott 


Raritan 


juipment books. which con under 
jurisdiction he D 
irsenal 
S Cor The Signal Corps usually 
ymbines operating, maintenance, r 


pair, and parts identification informa 
titled In 
iat is an unofficial 
(TM). Most of 

} 


issued in a revisea 


: 
on in a single publi 


} 
t 


ition 
tion Book 
Technical Manual 
them are eventu 
form as official technical 
When desirable, th 


two-book plan, which 


manuals 
Signal Corps may 


pecify a 





noves the higher helon maint 


to a separat nstruction book 
The basic specification for Signal 
oks is MIL-M 
3 (Sig C), supplemented by g 
: ral specification SIG 730-1, Prepara 
tion of Manuscripts. Part 1 SIG 


describes general requir nts 


Corps instructio 


= te 
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A Exploded View of Fuel Primer and Adapter Assembly 


Part Number 1 


2- C-9058 
-1 A-9120 : 


-2 A-9121 


-3 C-9118 . 

4 ASD-12219 
B-9119 

-5 B-11333 

-6 A-9123 


B Exploded View of Fuel Primer and Adapter Assembly 


Units 
Per Assy 


Part Number 1 


2- C-9058 
-1 A-9120 ; 


-2 A-9121 : 


-3 C-9118 . 

-4 ASD-12219 . 
B-9119 : 

-5 B-11333 

-6 A-9123 : 


and Part 2 covers illustration standar 
Additional detailed specifications, tit 
Topical Outlines or Writing Guides 
stablish contents requirements for th 
Signal Corps equ 


various kinds of 
(Instruction Books smaller tha 


} 
; | ' 


ment 
10 pages are generally issu 
struction Sheets. ) 
The contractor is usually required t 
yare a Tabular List of Parts (TLP) 
th specification MII 
T-10186 (Sig C), covering parts cor 
newabl 
included for 
equipment. The TLP is eventually r 
cast and used in the 
as an Identification 


(ITP) 


pre | 


n act ordance w 


( 
sidered re e. Standard hardware 
must be som 
instruction book 


Table of P 
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types ot 


Nomenclature 
234567 


Fuel Primer and Adapter Assembly... 


Screw — Mach, hex hd, 0.250—-28 


DOD screseremssoenennpentnamalis jempeioee 
Washer — Spring lock, 0.267 in. ID 
X 0.057 in. thk, stainless steel.... 
Plate — Adapter .............cersesssssssssereees 


Gasket 


Primer Assembly — Fuel.................... 


Primer 
Strainer 


Nomenclature 


234567 


Fuel Primer and Adapter Assembly. . 


Screw - Mach, hex hd, 0. 250-28 
Washer - Spring lock, 0.267 in. ID 
X 0.057 in. thk, stainless steel . 
Plate - Adapter ........ 2005; 
PEE Pe te re 
Primer Assembly - Fuel....... 
Te 


are th responsi! 
| Corps Publ 


Monmouth, N 


id approval 


the Signa 


Department of the Navy 


Navy branches that procure th 


juipment instruction books are tl 
jut} 

Bureau of Aeronautics, Bure 
Ships and the Bureau of Ordnan 


BuAer 


those of the 


ments are simi 
Air Force. They 


series of specificatior 


require 


se the same 


Units 
Per Assy 


~_— ee me PD 


1 


— oe tt AD i) 





Inspection procedure differs, however, 
in that a central section in Washing- 
ton, D. C., handles it. 

The majority of contractor-furnished 
BuShips instruction books can be di- 
vided into two categories: those for 
electronic equipment and those for 
equipment primarily mechanical. The 
preparation of electronic instruction 
books is governed by BuShips Specifi- 
cation 16B16 (RE). Books prepared to 
this specification include all descrip 
tion, theory, installation, operation, 
service, maintenance, and parts-iden- 
tification information in one publica 
tion. The contractor is normally re 
juired to carry the preparation through 
to printed copies. 

For mechanical equipment, books 
prepared in accordance with Specifi 
ation MIL-B-15071 (SHIPS) are usu 
ally required. Again, as with 16B16, 
ull equipment information is published 
n one book, which the contractor must 
furnish in printed form. Existing com 
nercial instruction books are accept 
ible for MIL-B-15071 under certain 
conditions. The Bureau of Ships, in 
Washington, generally handles inspec 
tion and approval 

It is quite likely that both 16B16 
ind MIL-B-15071 will be superseded 
by new similar specifications before 
long 

The Bureau of Ordnance require 
ments are generally the same as thos« 
of BuShips except that reproduction 
copy is frequently the contractor's end 
product. The basic specification is OP1, 
Preparation of Ordnance Publications 
Inspection and approval is handled at 
the Bureau level in Washington 

Table I lists specification sources for 

military services 
Types of 
Military Instruction Books 

There is no good breakdown for 
types of instruction books. There are, 
however, general classes of information 
regardless of whether manuals are fur 
nished separately or combined into a 
single publication. These broad clas 
sifications are based largely on the 
relative caliber of maintenance to be 
performed. On this basis, there ar 
rec types operating instructions, ser 

instructions, and overhaul instruc 

ms. In addition, there is another 

lassification, parts lists, which usually 

s associated closely with overhaul in 

ructions, and a fifth category dealing 
with development equipment 

(1) Operating instructions should 
nclude sufficient theory and principles 

operation, to enable the operator to 
gain a fundamental understanding of 
how to use the equipment intelligently 

Operational limitations and precau 
tions should be included, as should 


As 


ping diagrams, should 


pi 
. Drawings (A) and (B) indicate the 


also reference to any adjustments 
checks, maintenance, or emergency f 
pairs that can or should be performed 
by the operating personnel. It is well 
to bear in mind that operating pe! 
sonnel may not have a high level ot 
technical training nor have access to 
the tools and equipment necessary for 
major repairs and maintenance 

For some devices, proper warm-u| 
ind shut-down procedures are essel 
tial operating information. Inspection 
practices, cleaning, preservation, and 
lubrication methods also should be dis 
cussed 

(2) Service instructions generally 
over organizational and field mainte 
nance. Field maintenance is performed 
by maintenance personnel who directly 
support the using organization. This 
latter class of maintenance is limited 
primarily by the tools and maintenan 
equipment available in the field. Mal 
functioning or unserviceable parts and 
ussemblies are not normally replaced 
but are sent to an overhaul depot or 


Product 


lop Lor repail and, ot rebuild ng 

Testing and adjustment of equy 
ment within the scope of organizatior 
al maintenance are also included. B 
ause of the similarity of service u 
structions and the operator's instru 
tions, they are generally found in tl 
Sarr book 

(3) The purpose of the ove rhaul 11 
structions is to provide detailed infor 
mation for a major overhaul or th« 
complete rebuilding of equipment 
Overhaul shops have more specialized 
skill and equipment than field forces 

Instructions for mechanical equip 
xploded 


views from the parts lists to supple 


ment generally should utiliz¢ 


ment detailed text on disassembly and 
reassembly. Parts in exploded views 
should be numbered according to the 
sequence of disassembly to facilitat 
the text explanation Also, most over 


haul instructions specifications requir 


xtensive testing procedure coverage to 


nsure that the equipment is in good 
. ] 
operating condition after overhaul 


Engineering — 1954 Annual Handbook 





(B) 


Rs) fal Old Ga Ga fal Gat Ba fl 









’ 


2 
ne 
vont 
= 
= 
bs 
tee 
bs 
ie 
be 














1) The primary purpose of a parts 


ist is to locate and identify parts for 
replacement purposes. Some specifica 
tions require identification, description, 
ind illustration of all parts; others do 
not require coverage of standard items 
such as common bolts and nuts. Nearly 


all specifications, | 


1owever, require il 
istration of parts 

Parts of mechanical equipment usu 
ully are shown in exploded-view tilus 
trations depicting each part in a dis 
issembled position but showing its rela 
ve position in the assembly 

The first item in the parts list, Fig 

is the complete assembly. The cor 
onent parts follow in the order of 
disassembly. Quite often, attaching 
hardware is listed after the part it at 
taches and is identified as Attaching 
Parts. Part mumbers are those of the 
ianufacturer. Some of the military 
igencies also ask that government stock 
numbers be shown for the parts, it 
which case the manufacturer may be 


equired to submit complete descrip 
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tions and drawings of the parts in 
volved to the stock-numbering agency 

Parts and assemblies are indented in 
the nomenclature column to show the 
relative level of assembly. For example, 
the Primer (—5) in Fig. 3 is indented 
one space to the right of the Fuel 
Primer Assembly (—4) to show that it 
is a part of the Fuel Primer Assembly 
The fuel primer assembly, part num 
ber B-9119, includes the primer, but 
the primer, part No. B-11333, also may 
be procured separately 

Electronic equipment parts list spe 
cifications often do not require ex 
ploded views or coverage ot standard 
hardware Photographs of the chassis 
with all parts intact are used for iden 
tification of functional electronic parts 
The reference symbol or part number 
is shown in the illustration. Full parts 
information can be presented in the 
parts list, which is arranged in th 
order of symbol reference or part 
number as the case may be 

(5) Instruction books for prototype 
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or development equipment generally 
represent a special case. Only a few 
copies are necessary, and format re 
quirements usually are much less strin 
gent than for books covering produ 
tion items 


Commercial Manuals 


Commercial operating Or instru 


books and maintenance manuals have 


the same objective as military manuals 
ilthough—depending on the complex 
ty of the equipment—the breakdowns 

ay not be so fine insofar as handbook 
lassifications are concerned. As a mat 


ter of tact, a users instruction manua 


ind a serviceman’s maintenance mar 
may not always be required: son 
es the two books can b bine 
to one. However, parts replacement 

nformation is nearly always 1 ssary 


n commercial manuals 


The same techniques ar 


nents generally apply to manuals ror 


ndustrial or consumer equipment a 
military manuals. Perhaps more 
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Fig. 5—Two types of pictorial draw- 
ings, ene (A) an assembly view of 
a tape drive and take-up mechan- 
ism and the other (B) an overall 
view of a control valve. 





elaborate presentation is necessary, 
since the manual should become an ef 
fective selling tool. Well-presented in 
structions not only enhance a manu 
facturers reputation, but convince the 
ustomer that the manufacturer wants 
to help him get maximum value for 
his purchase. 


Preparing the Manual 
There are two ways in which in 
struction manuals can be prepared. One 
s for the manufacturer to do it him 
self; the other is for him to contract 
for its preparation and production 
rrom outside companies spe ializing 
n such services 

Preparation of instruction books 
in rarely be done satisfactorily if as 
signed to an individual in the engi 

ering department as an addition to 
In addition to th 
ne factor involved, 


us regular duties 
lose association 
with the equipment often prevents th 
bjective viewpoint necessary when 
writing for a different level of techn 
il knowledge or aptitude. The task 
should be performed by competent en 
rineering writers and illustrators head 
1 up by responsible personnel 


A comprehensive analysis of the 


ob is a must before starting work 
[here are seven pre-writing steps that 
ust be taken, as follows 
1. Determine fully th ntractual 
juirements 
Gather all of the available sou 
itter, including all applicabk sper 


ations and up-to-dat 
and arrange it in 
for easy reference. If the equipment 
is in the deve lopment stage, arrange to 
receive notification of design changes 
3. Read and understand clearly the 
specifications. Costly errors can be 
avoided by complete familiarization 
and understanding 
4. Study the equipment and prepare 


equipment data 
an orderly manner 


As 


a systematic breakdown of the assem 
bly and sub-assembly components 
(make certain the breakdown is com 
patible with military requirements). It 
is usually a good idea to do the parts 
list first, since the parts information 
is needed for writing the other ma 
terial. Do not forget supplementary 
quipment such as accessories, test 
equipment, special service tools, and 
connecting cables. A component break 
down not only helps to establish a 
presentation sequence but also in mak 
ing a comprehensive evaluation of the 
job ahead 
5. Prepare a detailed outline; a good 


instruction book cannot be written 
without one 
6. Check with the military inspe 


tor (if possible). He welcomes the op 
portunity to discuss the book befor 
actual writing Such 
troubl ind 


starts discussiot 


nvariably Saves time 

noney 
Establish 

\ schedule sets 


a schedule and budget 


a series of mileposts 
a heckpoints for evaluating job prog 
Ss Assign target dates for the con 


pletion of 


each of the phases so that 
the final delivery date will be met, and 
nclude a contingency factor in th 
schedule for the unforeseen develop 


nts that always happen 

The same principles apply to a 
idget. Make equitable allocations in 
nours (or in dollars if cost-accounting 
service is available) for each operatior 
Keeping job cards or sheets for each 
operation, on which time is recorded 
Ss a convenient means of checking tim¢ 
xpenditures. It cannot be emphasized 
too strongly that, as with the schedule 
contingency allowances 
cluded in budgeting 

The actual writing is not simple 
Good technical writing is more than 
skimming through subject matter and 
setting down points that occur to the 


must be in 


writer. Good writing comes only fron 
much study and careful consideration 
of the eventual user, and thorough or 
ganization of material Table Il 
for suggestions on writing and illus 


See 


trating 

The need for understanding a typi 
cal, eventual user is fundamental. All 
information must be presented at his 
reading level. The reading level for 
instruction books generally should be 
for that of a second-year high school 
student. A typical user also can be 
expected to have a minimum of techni 
cal background and no previous ex 
perience with the equipment involved 
Overhaul instruction book readers may 
be presumed to have considerably more 
technical background with other equiy 
ment, but 
quipment 


with the particular 


none 


Technical Writing Services 

During Worid War II the pressure 
of war contracts and the trend to sp 
ialization encouraged the growth of 
firms specializing in the preparation of 


some were set ul 


technical literature 


by ex-members of manufacturers’ pub 


lications departments; others were d 
veloped from engineering, art servi 


publishing, advertising and other back 
grounds 

Typical of the larger writing services 
ire the Philco Corporation Technical 
Publications Department Cushing & 
Nevell, and the Technical Writing 


Service of the McGraw-Hill Book Con 
pany. The Philco operation is an off 
shoot of the manufacturing ent« rpris¢ 
others like Cushing-Neville began as 
or are associated with industrial engi 
neering firms; and the McGraw-Hill 
Technical Writing Service is an out 
growth of technical publishing 

Most of these firms undertake an en 
tire job or do those parts of a job that 


a manufacturer iS not staffed or 
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equipped to handle. They maintain 
staffs of specialists—engineering writ- 
ers, technical illustrators, and technical 
editors—experienced in the prepara- 
tion of government and commercial 
technical literature. 

As with purchasing any other ser- 
vice or material, a manufacturer should 
thoroughly investigate the capabilities 
of a writing organization. before plac- 
ing an order. A reliable writing service 
does a job right the first time and pro- 
duces a better book without price re- 
negotiation. A good firm also requires 
a minimum of liaison with manufactur- 
ing personnel 

Clear-cut contractual conditions must 
be established between the writing firm 
and the manufacturer to define the 
scope of work to be done. Operational 
details covering the review procedures 
and the handling of additional charges 
for design changes are typical examples 
of potential misunderstanding 


Cost Estimating 

Cost estimating should be done only 
by those with an extensive knowledge 
of the factors involved. Historical data 
on similar projects 1s the soundest basis 
for making the estimate. 

If the work is to be subcontracted 
to a technical writing service, they will, 
furnish a cost estimate. The 
manufacturer must, however, consider 
There will be liaison 
the subcontractor and technical 
review of the material. Substantial ex- 
pense may also be incurred for blue 
prints, photographs, and other material 


or course, 


his own costs 


with 


In making a cost estimate, the fol- 
lowing factors must be determined 

1. What does the source material 
consist of 

What is the end product 
What robable quantit 
involved ? 

i. What will the operating condi 
tions be? This includes review pr 
cedure, schedule, and probability of 
design changes 

The best approach to cost estimat 
ing is to break down the job into 
easily recognizable units and estimat 


Establishin y unit costs 
~ 
ror typing a page 


the unit costs 
of manuscript or re 
touching one photograph is a much 


more manageable proposition than 
trying to estimate the entire job 

To do this thorough 
analysis of the arrive at the 
quantitive values for the text and il 
lustrations. An added advantage of 


this analysis is that it provides an ap 


re quires a 


i0b to 


proximate job plan for the execution 
of the work 

It is extremely desirable to use an 
estimating form or checklist for con 
Wing COSsts 
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Table Il — Tips on Writing, Illustrating, and 
Producing Technical Manuals 
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4. 


a fs 


Use short sentences. 

Use short paragraphs and separate paragraphs for each thought. 
Give specific instructions. Statements such as “test in accerdance with 
authorized shop procedure” are worthless unless the source of such 
procedures is given. 

Avoid uncommon words, unnecessary technical phraseology, or words 
common only in a given industry. 

Avoid complicated phrasing. Delete superfluous words. 

Use exact nomenclature. Name each part, component, or subassembly. 
Do not use such references as “the unit.” 

Divide the text by appropriate headings and sub-headings. 


- Tie in discussion and illustrations so that one follows closely on the 


other. 


9. Edit the manual. Instruction books are teaching devices and as such 
deserve preper presentation. 
ILLUSTRATING 
Photographs 
1. Photographs may be used for equipment views, operational views, and 


2. 


parts identification. 


Photographs usually require retouching to retain detail sharpness and 
contrast. 


- Omit superfluous or unattractive backgrounds by cropping and re- 


touching or opaquing. 


. Use “exploded” views to identify parts in mechanical assemblies and 


assembled chassis views for electronic equipment. 
Identify parts by number, reference symbol, or name on the picture. 


For identification nomenclature use copy prepared by typesetting or 
with mechanical lettering guides. 


- Plan each picture, and supply the photographer with a rough layout 


so each view covers required subject matter. 


Line Drawings 


1. 


6. 
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For wiring diagrams and electrical schematics use consistent practices 
on symbols, line weights, conventions, and layouts as recommended 
by the military service involved. (Fig. 4) 


. Use mechanical schematic drawings to illustrate operating features 


and maintenance practices. Present hydraulic, pneumatic, and me- 
chanical drive systems in schematic form. 


. Specify plan views to show installation and mounting features, Jubri- 


cation practices, equipment outlines and dimensions, and panel 
markings. 


. Simplify the job of explaining operating and maintenance details by 


liberal use of pictorial drawings, Fig. 5. Isometric projection is com- 
mon, but dimetric and trimetric projection gives the subject a more 
natural appearance. Shade them when it will add realism. 


. Use expleded views in conjunction with parts lists to show assembly 


and disassembly procedures. Use pictorial drawing technique. 
Limit the use of color to functional purpose such as flow diagrams, ete. 


PRODUCTION 


. Type the manuscript double-space on white paper. Leave wide mar- 


gins, and adhere to precise standards on punctuation, format, style, and 
abbreviations. 


. Proofread each typed copy for accuracy; usually a rough draft, ap- 


proval draft, and final draft are necessary. 


. Mark the final draft for type, spacing, and make-up. Make all changes 


and corrections in the manuscript prior to starting final typography. 


. Make certain that the index, contents pages, title pages, appendix, and 


other data are supplied with the manuscript. 


. Proofread the reproduction copy—in both galley and rough page form 


—and check the placement and references on tables and illustrations. 


. Schedule printing well in advance te insure delivery when required. 
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Drafting 


[HE TIME ELEMENT has compelled the 
adoption of a new yardstick for the 
measurement of drafting values. This 
yardstick is drafting stripped of its 
frills, yet surrendering nothing in 
either clarity of presentation or ac 
curacy of dimension. This results in 
workable drawings, but with a low 
time and money iavestment 

The new standard or concept em 
braces many modern economical draft 
ing practices, recognized by many as 
a method of increasing overali produc 
tivity by improving individual perfor 
mance. Three of the easiest and yet 
most effective practices which can be 
ipplied immediately to reduce the ef 
fort and time required to make draw 
ngs are: 

e Simplification of delineation 

e Elimination of non-essentials 


SIMPLIFIED 


e- 
L 


Stud 1-$-7NC2A x 9" long 
Thd. ends 2” tong 


From (1) General Electric Company Manual “Simplified 
Drafting"; (2) “Simplified Drafting Practices" 
Rau & Healy, John Wiley & Sons 


Simplified fi 


ip -7NC2A----~ 


e Extensive use of free-hand draw 

ings and free-hand sketches. 

In the most simple terms simplifi 
tion of delineation and elimination of 
non-essentials means merely leaving off 
drawings and layouts those things 
which add nothing to their accuracy 
completeness or clarity 

Complex parts can obviously be de 
scribed more economically with illus 
trations than with words. For 
parts a drawing is made that serves 
as a framework to support dimensions 
and other necessary information. Ex 
planations can, however, complement 
the illustrations and make it 
essary to draw 
more delineation than is necessary to 
present the story with clarity and com 
pleteness (see below). 

' Tests have proved that fr 


such 


unnec 
extra views. Use nc 


ELABORATE 
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Use description to completely eliminate delineation. Do not hand 
letter where typing or a Varitype machine can save time. 


Avoid the use of elaborate, pictorial or repetitive details. 


lrawing, when used judiciously, is bo 
practical and economical. All 
being equal, actual drawing time for 


factors 


the average draftsman is reduced b 
tween 20 and 30 percent 

It is generally conceded, however 
that to effect the maximum economy 
it should be confined to the presenta 
simple con 


tour. But even large and complex draw 


ings lend themselves readily to a con 


tion of detailed parts of 


bination of free-hand and instrument 
use. On assembly drawings, for ex 
ample, small radii, holes, hardware and 
other parts can be effectively draw: 
free-hand with no sacrifice in clarity or 
.ccuracy. 

Standard drawing forms are avai 
ible imprinted with non-actinic blue 
ross-section lines over the drawing 


irea. This facilitates and makes it 


SIMPLIFIED 


ELABORATE 
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yuite Casy nan a good eal 
hand sketch 

Progressive dimensioning is being 
used extensively in the industry. This 
method requires less space on the draw 
ng for dimensions and the drawing 
s clarified and time is saved 

Progressive dimensioning resembles 
the well-known method of dimension 
ng a chart or graph in that a datum 
line is selected and all dimensions 
originate from this line. Some of the 
points to remember when using this 
method are 

e Only one datum line may be estab 

lished in any one plane 

e Preferred locations are on an edge 


enterline or point which coincides 
with the datum line of mating 
parts 

e A figur t the end of an extensior 


Eliminate views where the shape can be given by 
for example, hexagon or 


description: 
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e when dimensions 
ibout a datum line, they may 


given on only one side 


mensioning may 
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LIne 


symmetrical 


be 


taker 


' 
I 

hye 
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made from a given datum line by 
1€ measuring device 
and time sav 
with 


Use tabulated arrangement instead of unnecessary repetitive views 
especially when shape of part or location of holes is the same. 








rawings where the drawing 


| 
relative position or mou! 


ation of these principles. They ar 
nally elementary and some 
ot to be considered complete 

i merely to illustrat 
various points of simplifications 


irawings are of smal 


1 to more complex drawing 
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ELABORATE 
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Cross sectioning should be used only when 
the clarity of the drawing depends upon 
it. Partial eross hatching saves time. 
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Avoid dotted lines that do net add clarification. The 
purpose of the drawing is to help, not confuse. 


Omit reference part circles and arrow heads on leader 
lines when it will not cause confusion with other data. 
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Use progressive dimensioning to reduce the number of dimension 
lines. Use free-hand sketches wherever possible. 
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Drawings made to modify stock or commercial parts should be 
as plain as possible, with no unnecessary detail or dimensions. 
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SIMPLIFIED ELABORATE 
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The deli tion of ly used objects can be greatly 


simplified by substituting recognized symbols. 
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Use simplified delineation of heles and tapped holes by use of symbols. 





Omit detail of parts on assembly drawings the function of which is to show the part location. 
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When delineating, use as much free-hand draw- 
ing as the nature of the work will permit. 


ELABORATE 
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@ Here are the properties and applications for radioactive elements that industry can use to 


Radioisotopes 


Seeing Eyes For Hidden Data 


G. D. CALKINS 


Research Laboratories 
Bendix Aviation Corporation 


R. L. BELCHER 


Battelle Memorial Institute 


A RADIOISOTOPE is a radioactive form 
of an element. When a small quantity 
of a radioisotope is added to a fluid 
or to a liquid base metal the course 
of the uid or metal through internal 
passages or through other material can 
be traced with a Geiger counter. This 
tracer technique is used to test the lu- 
bricating quality of an oil, investigate 
the homogeneity of a mixture, or in- 
spect internal passages of castings or 
forgings. Sensitivity of detection is ex- 
tremely high; the presence of one mil- 
lion millionth ounce of certain radio- 
active elements can be determined. 

In other applications the effect of 
the radiation on matter is used to acti- 
vate a chemical reaction, or the effect 
of matter on the radiation is utilized 
to measure thickness, density or purity 
of a material or process. The table 
(following pages) is a list of radio- 
isotopes and their industrial uses. 


Wear and Lubrication. \nvestiga- 
tions of friction, wear and lubrication 
have become important applications 
of radioisotopes. In a study of the 
wearing qualities of electrical contacts, 
one of the contacts is made radioactive 
with an isotope of the base material. 
The quantity of material transferred 
to the non-radioactive contact is a 
measure of the amount of wear. An 
important factor in this type of test is 
that wear between two electrodes con- 


Ai4 


structed of the same metal can be 
evaluated in a simple, yet accurate 
manner. 

The wearing qualities of protective 
coatings, such as waxes and paints can 
be tested in a similar way. A small 
amount of a suitable radioactive iso 
tope is mixed with the protective coat- 
ing which is applied to the test speci- 
men. The amount of coating material 
removed during simulated conditions 
of wear is then measured. 

In evaluating the efficiency of lubri- 
cants, metal parts, such as bearings, 
shafts and gears, are “labeled” with 
an active isotope of the metal involved. 
The amount of metal detected in the 
oil system is a measure of the effective 
ness of the lubricant. This is a very 
good illustration of the much publi- 
cized tracer technique. 

Similar techniques can be developed 
for the many products constructed or 
coated with metal, rubber, plastics or 
paint. The advantages of such tests 
are that extremely small quantities of 
wear can be detected, and prolonged 
tests are not required for evaluation of 
materials or lubricants. 


Radiography. X-ray equipment has 
been widely used for locating flaws 
and foreign objects in a variety of 
products. The gamma rays emitted 
by cobalt-60, are similar to X-rays and 
can be used in place of X-rays for some 
radiographic tests, as can gamma ra 
diation from other elements. 

The advantages of radioisotopes are 
that gamma rays are more energetic 
and penetrating than X-rays from 
low voltage equipment; holders are 


smaller than X-ray tubes, thus easing 
their placement inside of small parts; 
and for many applications, they are less 
expensive than X-rays. 


Motion Studies. It is possible to 
study the motion of solids, fiquids and 
gases by means of radioisotopes. The 
motion of a concealed part in an en 
gine can be studied by attaching a 
source to the part. Through the use of 
an isotope that emits penetrating 
gamma rays, it is posible to locate 
and measure the motions of the part 
through several inches of metal. 

The flow of liquid through a com- 
plicated system of pipes as for ex- 
ample, water through boiler tubes, can 
be traced with radioactive materials 
For studies of this type, a small 
quantity of a soluble form of one of 
the radioisotopes is added to the inlet 
stream. The position and rate of flow 
of the active liquid through the tubes 
is then determined. 

These techniques should prove val 
uable for checking the efficiency of 
laundry equipment. Standard tests in- 
volving fabrics soiled with radioactive 
dirt could be devised to measure clean 
ing efficiency as a function of equip 
ment design. 

Similar application is possible in the 
case of gases. Radioactive carbon 
dioxide, sulphur dioxide, argon, xenon, 
and krypton can be applied to leak 
detection, studies of air flow through 
ducts, and tests to discover the distri 
bution of air through a manifold or 
into a combustion chamber. 

The efficiency of air filters or vacuum 
sweepers can also be determined. Dirt 
or dust of various particle sizes is 
“labeled” with a radioactive material 
This facilitates measurements of the 
stopping power of a filter or the col 
lection efficiency of a vacuum system 
for a specific range of particle sizes 


Thickness Measurements. Radioac 
tive thickness gages have recently b« 
come commercially available. The 
basic components of these units are a 
radioisotope source, a device for de 
tecting radioactivity, and a recorder. 
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Rays are absorbed in proportion to the 
weight per unit area of the material 
placed between the source and the de- 
tector. If the material has a con- 
stant density, the thickness can be 
measured directly. 

Radioactive thickness Zages are now 
used to monitor and control the thick 
ness of thin sheets of rubber, plastic, 
paper, metal and cloth. The devices 
operate automatically and nondestruc- 
tively for continuous thickness meas 
urements to an accuracy of about one 
percent. Gages for the measurement of 
the thickness of protective coatings on 
base materials and for thick specimens 
are also available. 


Density Measurements. Rays from 
radioisotopes are utilized for density or 
specific gravity measurements. Absorp 
tion of the radiation is proportional to 
the mass of material per unit area. If 
the thickness of the specimen is 
known, the density is then determined 
directly. Scattering or reflection of the 
rays is also used to determine the den- 
sity or specific gravity of a material 
For example, the amount of scattering 
is proportional to the specific gravity 
and composition of a solution 


Purity Measurements. There are 
various ways in which isotopes are 
applied for measuring the purity of a 
product. One method consists of 
adding a radioactive form of the im 
purity or impurities to the raw ma 
terial during the processing of the 
product. The impurities are then 
traced, since the radioactive form of 
the impurity follows the impurity dur 
ing any Operation. 

Another method involves the activa 
tion of the impurity in the finished 
product by irradiation with neutrons 
This procedure is not generally avail 
able, because a satisfactory source of 
neutrons require a cyclotron or nuclear 
pile. However, the method is useful 
for determining the extent of contami- 
nation by trace impurities or materials 
that are difficult to analyze by con 
ventional procedures. 

Irradiation by neutrons produces ra 


ferret out many kinds of information on product design, control, and improvement . . . 





dioactive forms of impurities which 
permit identification and determination 
of contaminants. This is possible 
since radioisotopes decay at character- 
istic rates by the emission of radia 
tions having characteristic energies. 


Homogeneity Measurements. When 
a suitable radioactive material is added 
to a material being mixed, measure 
ments of the radioactivity in selected 
samples of the mixture indicate the 
completeness of the mixing and the 
degree of homogeneity. 


Metal Products. The metal indus- 
tries have found radioisotopes useful 
for solving a variety of problems. In 
developing methods for cleaning metal 
surfaces, radioactive forms of the im- 
purities being removed afford an ex- 
tremely sensitive measure of the proc- 
ess efficiency. Applications are also 
made in studies of corrosion. Active 
forms of various metals are used to 
obtain data on rates of corrosion in 
different solutions. 

Soldering and welding problems can 
also be solved. The amount of metal 
transfer between two pieces of metal, 
whether similar or dissimilar, is de- 
termined as for electrical contacts—by 
using one piece of metal containing a 
small amount of radioisotope of the 
metal. The effect of fluxes can thus 
be evaluated 


Protective Coatings. In electroplat 
ing, additives are frequently used in 
baths to produce a particular type ol 
finish. When little is known concern 
ing the mechanism of additives, basic 
information concerning their function 
can be obtained by tracer techniques 

Radioactive materials could be used 
in studies of corrosion inhibiting coat- 
ings. It is important that temporary 
coatings applied to metal parts for 
protection during storage and ship 
ment completely cover all exposed sur 
faces. Techniques and equipment re 
quired to accomplish this could be 
developed with the aid of radioactive 
labeled” coatings that would indi 
cate uniformity and continuity 
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Electrical Equipment. \n addition 
to the electrical contact wear tests 
mentioned previously, other applica 
tions may be found in equipment uti 
lizing spark discharge. The regularity 
of the firing of metal Spray gums can 
be improved by ionizing the air in 
the spark gap. This is accomplished 
by irradiating the air and producing 
a more uniform resistance path for 
the voltage discharge 


Graphic Arts. This industry may 
benefit from the application of radio 
active materials to investigations of 
printing ink transfer. Studies of this 
nature could be made as a function 
of machine design, ink composition or 
paper characteristics. 

Many of the problems associated 
with the handling of paper products 
result from electrostatic charges. Ra 
dioactive static eliminators have been 
used for many years to neutralize 
static charges and most of these devices 
utilize naturally occurring radioiso 
topes such as polonium. The alpha 
rays emitted by these isotopes have a 
very low power to penetrate materials 
As a result only an extremely thin 
membrane is used to cover and hold 
the radioactive material. When beta 
particle emitters, which penetrat« 
thicker layers of material, are used 
the isotopes are mounted in hermet 
ically sealed capsules to reduce con 
tamination 

However, radioisotopes are not a 
cure all for industrial problems. They 
should only be a after research 
or development work has indicated that 
they have some advantage over other 
techniques. 

The following references can kx 
used to obtain a better understanding of 
radioisotopes and their applications 
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Table I—Typical Applications of Radioisotopes 





Element and Isotope(') Half life(*) 





nony Sb 122 
Sb 124 
Sb 125 


Argon A 37 


Arsenic As 76 


Barium Ba 131 
Ba 140 
Bismuth Bi 210 
Bromine Br 82 
(Cadmium Cd 109 
Cd 115 
Cd 115 
Calcium Ca 45 


Carbon C 14 


Cerium Ce 141 
Ce 143 
Ce 144 
Cesium Ce 131 
Ca 134 
Cs 137 


Chlorine Cl 36 


(Chromium Cr 51 


Cobalt Co 60 


Copper Cu 64 


Furopium Eu 152 
Eu 154 


72 
Ps 


(-alllum Ga 
(Cermanium Ge 71 


Ge 77 


(-old Au 198 
Au 199 
Hafnium Hf 181 


Hydrogen H 3 (Tritium 


Indium In 114 
lodine 1 131 


Iridium Ir 192 
Ir 194 


Lanthanum La 140 


Mercury Hg 197 
He 203 
Molybdenum Mo 99 


Neodymium Nd 147 


Nickel Ni 59 
Ni 63 


Niobium Nb 95 


Reactor-produced radioisotopes procurable through the U.S. Atomik 


Energy Commission 
y-—years, d—days, h 
Million electron volts 





2.8d 
60d 


2.7y 


34.1d 


26.8h 


12d 
12.8d 
5.0d 
36.0h 
330d 
2.3d 

43d 
180d 


5.740y 


28d 

33h 
275d 
10.24 
2.3y 

37y 


4.4 xX 10°y 


26d 


12.8h 


5.3y 
5.4y 
14.25h 
11.4d 
12h 


2.69d 
3.3d 
46d 


12.5y 


50d 

8.0d 
70d 
19h 


2.9ly 
16.3d 


lid 


10° 
B5y 


90h 
35d 


hours 


Radiation.” mev(? 





Beta‘ 
1.94 


2.37 
0.616 


K(« 


0.56 
1.36 
0.3 


0.658 


0.71 


0.31 


0.65 


0.97 
0.32 
0.405 


0.0189 


0.06 


1.7. 
0.146 


Gamma(°) 
0.568 
Ty*s, 0.121 <Ey <2 
Ty's. 0.035 <Ey <0.637 
None 


Sy"s, 0.567 <Ey <2.3 
None 


BSy*s. 0.26 <Ey <1.2 
3y's, 0.160 <Ey <0.540 
None 
Ty's, 0.55 <Ey <1.31 
0.088 
0.34 <Ey <0.52 
+.5h In 115 
0.5 
None 


None 


0.141 <F 0.315 
0.5 
None 
None 

4>°s, 0.568 <E 1.35 
0.662 


0.267 <Ey <0.32 


1.17 and 1.33 


0.3 <Ey <1.2 


95°s, 0.631 <Ey <2.18 
None 


0.5 


0.411 
6y's, 0.024 <Ey <0.23 
5y"s. 0.087 <Ey <0.480 


None 


0.192 


Sy"s, 0.080 <Ey <0.638 
12.0d Xe 131 


12 y's, 0.137 <Ey <0.651 
0.38 <Ey <1.43 


None 
1.1 and 1.3 


77°a, 0.093 <Ey <2.9 


0.077 
4y°s, 0.135 <Ey <0.286 


35°s, 0.141 <Ey <0.360 
5.9h Te 997) 


or X-ray 


None 


| To study the rate of exchange between Sb(TIT) and Sb‘ V 


Industrial Applications 


; to study 
the mechanism of glass formation; as pipeline tracers. 


To determine the eptimum conditions for separating argon from 
other gases. 


To imvestigate the mechanism of glass formation; to detect 
small quantities of arsenic vapor in air; to determine the 
rate of corrosion or arsenical brass. 


To trace the flow of oil through pipelines; to determine the a« 
tion of detergents on sludge forming oxy-acids produced by 
oxidation of lubricating oils. 





To study the deposition of thin films of bismuth 


lo study exchange reactions such as Br 82 with CChBr, to deter 
mine the amount of bromides absorbed by fibres from solutions 





Te study characteristics of phosphors; as an analytical tool in 
process and product centrol. 


To determine the diffusion coefficient in glass. 


ly catalytic processes such as the Fischer-Tropsch syn 
to study metallurgical problems such as the diffusion 
*mtration of carbon in steel; as radiation sources for 
s gages used to continuously monitor films of material 


To st 
thes 
and 


thick 













As a tool to determine the cencentration of cerium in phosphor- 
process-rate measure 





To study abrasion of rubber and various plastics; used as radia 
tion sources for radiography and teletherapy units 





As an analytical tool for the determination of small quantities 
of chlorides in paper pulp after washing; to study the corrosion 
of stainless steel by salt water 





To study the transfer ef material between rubbed surfaces, and 
the electrox e position of chromium. 


lo investigate the cause of paint blisters; to radiograph thick 
sections of metal—equivalent to a 2,000-ky X-ray machine 
to study the permeability of naturally occurring or artificially 
produced porous media to the flow of oil, gas and water 
mixtures. 








self-diffusion in stressed copper; to determine the 
2 ism of the oxidation of copper at high temperatures 
to determine friction characteristics of copper alloys 


lo determine the concentration of europium in phosphors: for 
radiography of thin sections of materials. 


nium 





lo study the effects of impurities in germs 


As an analytical tool in process and product control; to studs 
the effect of distribution on electric properties in a semi 
conductor 


To investigate analytical problems in the photographic-film 
industry; to study thickness of film deposited by high-tem 
perature vaporization of gold. 


As an analytical tool in process and product control 


lo study process rate measurements, and investigate the mech 
anism of various « hemic al reactions. 


For tracer studies, and to study rate of self-diffusion 


le measure the thickness of thin films of rubber of the order 
of one micron 


As a gamma ray source for radiography. 


To make diffusion studies in steel in relation to such phenomena 
as anne az, hardening, recrystallization, gra growth 
creep, and high-temperature behavior; to study the transfer 
of small quantities of metal between bearing surfaces: to 
study the corrosion of iro ad steel. 









au 


For radiographic inspection where only a few radiographs are 
required; as an analytical tool process and pr t control 





As an analytical tool for the purification of silver: to determine 





small ameunts of mercury vapor in air—as low as 10-° cram 
As an analytical tool in process and product control 
For tracer studies 
To study the magnetic properties of magnet alloys. and thy 


passivity of iron 


lo study segregation in high-temperature atloys and steel 


When a beta spectrum is known to be complex, only the maximum 


beta radiation is given. For complete data, see Nucleer Data published by 
National Bureau of Standards, Washington, D. C., Circular 499 





Als 
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Element and Isotope | 


Osmium Os 185 
Os 191 
Os 193 


Palladium Pd 103 
Pd 109 


Vhosphorus P 32 


Vlatinum Pt 197 
Volonium Po 210 (8 


Votassium K 40 (8 


Praseodymium Pr | 
Pri 


42 
*r 143 


Promethium Pm 147 
Pm 149 


Kadium Ra 226 (8 


Radon Rn 222 (8 


Khenium Re 186 
Re 188 


Rhodium Rh 105 


Kubidium Rb 86 
Rb 87 (8 


Kuthenium Ru 97 
Ru 103 
Ru 106 
Samarium Sm 153 


Scandium Sc 46 


Selenium Se 75 


Silver Ag 110 
Ag Ill 


Sedium Na 24 


Strontium Sr 89 
Sr 90 


Sulfur S 35 
Tantalum Ta 182 


Technetium Te 97 
Te 99 
Tellurium Te 127 


Te 129 
Te 131 


Thallium Tl 204 


Tin Sm il3 
Sn 121 
Sm 123 


Tungsten W 185 
WwW 187 


Xenon Xe 131 

Yttrium Y 90 
91 

Zine Zn 65 


fn 69 


Zirconium Zr 95 
Zr 97 


Half life 


97d 
15d 
32h 


7d 
13.1h 


14.3d 


188d 
82d\? 


140d 


—1.4 X 10*y 


18.9h 
13.8d 


2-4y 


iTvh 


1.620 


3.82d 


92.8h 
18.9h 


36.5h 


19.54 
6 & 10'%y 


2.8d 
42d 
1.0y 
4vh 

85d 


127d 


270d 


14.9h 
53d 
25y 

87.1d 


ll7d 


90d 
x 1A'%y 


90d 





li2d 


130d 


73.24 
24.1th 


12.00 
6th 
57d 
250d 


13.8b 


65d 
17h 


Beta(‘ 


K 
0.142 
1.10 


0.95 


5.298" 

alpha 
1.4 

2. 


2 
0.9 


va 


0.223 
1.1 


4.61 & 4.7 


alpha 
5.49 


1.09 
2.10 


0.78 


1.82 
0.13 


kK 
0.684 
0.041 
0.80 
1.49 


K 


0.53 
1.06 


6.167 


Radiation, mev(' 


6.1 


3 


3 


10 


8 


33 


Gamma(*) 


0.039 <Ey « 
te-(?) <Ey <1 


0.648 <Ey <0.878 
0.127 


None 
None 


None 


None 
0.6 


0.8 (weak 


‘s, 0.329 <E> 
None 


None 
0.25 (weak 


0.19 


"s, 0.132 <E> 
mM 15 <E 


0.33 


1.081 

0.13 

0.22 
0.494 
None 


"s, 0.069 <FE 


0.89 <Ey <1. 


*s, 0.067 <E 


“s, 0.676 <E 


None 


None 


None 


None 


*s, 0.0462 <E 


0.097 
None 


0.089 
None 






None 


0.09 
None 
None 


0.134? 
‘s. 0.078 <E, 


0.165 


None 


1.11 
0.439 


0.708 
0.8 


2 
5a? 


1.59 


<1.7 
<1.43 


<0.6 
12 


<0.405 


1.516 


<0.680 


>») Detailed information for gamma spectrum of each isotope can be found in 


Nuclear Data 


6) Kk electron capture—weak gamma radiation 


) 


Industrial Applications 


Tracer analysis for osmium 


For tracer studies 


To improve abrasion test for evaluating tire wear; to determine 
the rate at which phosphorus reaches equilibrium between 
slag and steel; and to ascertain the film thickness of printing 
imk. 

Te control the thickness of platinum plating on ceramic ware 





Te dissipate clectrostatic charge formed on cloth, paper. and 
other materials during the manufacturing process. 


As an analytical tool for the determination of potassium 


As a source of gamma radiation for radiography, and in tracer 
studies. 


For tracer studies, and as a source of pure beta radiation. 

To dissipate electrostatic charge, and te produce luminescent 
print. 

To study the effect of alpha radiation on chemical reaction- 


For tracer studies 


For tracer studies 


To evaluate ion-exchange resins 


For tracer studies 


arium in phosphors 





To evaluate trace impurities of sar 
For tracer studies. 


For making radiographs of moderate section thickness——equi al 
ent to a 250-kilovolt X-ray machine, and to determine the 
fluid saturation of permeable cores in oil-field research 


To investigate the exchange between solid silver and a solution 
containing a very small concentration of silver: te study the 
passivity induced to an iron surface; and to investigate the 
electrodeposition of silver. 








To measure the diffusion of sodium ir a soda lime class; and 
determine the efficiency of dealkalization of glass surfaces 





As a source of radiation for thickness gages: to dissipate clectro 
static charges; to study oxytocic properties of strontium; a-« 
a source of radiation for stimulat »f phosphors; to evaluate 
ion-exchange resins. 





To investigate the me 
surfaces; to study of the 
rubber; to determine the “‘ciliness”’ of oils 






vulcanization of 





Can be substituted for radi raphic werk whrre a 
short half life is mot a handicap; as a beta-ray source for 
thickness gage. 





lo determine the role of technetium in phosphors 


For tracer studies 


As a source of beta radiation for thickness « to study the 
color of inorg com pou 


to the oxidation state of the clement 





ds and the relation of color 





between atoms; to 
evaluate the is and the relation 
or to the o at: and to determine 
distribution and effects of small quantities of tin in a 
iconductor. 


» of chemical bonding 
inorganic 


To study the r 


















To determine the properties of high-temperature alloys such 
as those used in gas turbines 


To determine the optimum conditions for separating the ga« 
from contaminants 


As a source of pure beta radiation for thickness gages 


To study the swelling preperties of cellulose fibers; to determine 
the vapor pressure of the metal under various condition. 
and to observe self-diffusion under conditions of stress 


For tracer studies; to study flow of heavy petroleum products 
s, and measure rate of catalyst circulation in 
catalytic petroleum plant 


in pipe lin 





Internal transition 


8) Naturally occurring 


(9) No beta emissior 
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Editor's Note: As a nationally known pat- 
ent attorney and head and director of 
many first line industrial companies, 


Colonel Toulmin has been directly con- 
cerned with patent law for many years. 
Currently head of Commonwealth Engi- 
neering Company, Dayton, Ohio, which is 


engaged in research on such varied enter- 


blood plasma extenders, he has made a 
comprehensive analysis of the effect of the 
new law on all aspects of engineering and 
business. He authored the book “Patent 
Handbook,” and will be remembered for 
his two-part report, “Patents and the Engi- 
neer,” which appeared in 1948 in the June 
and July issues of Product Engineering. 


lf YOU THINK that you have discov 
d a new use for an old product or 
you stand to make 
noney by it—so says the New United 
States patent law which went into ef- 
t on January 1, 1953. In the first 
ajor revision of the patent laws since 


process, some 


870, this new ruling is just one of 
he many important changes that will 
iffect design engineers, manufacturers, 
nd research men alike 

The whole philosophy of the new 


w is realistic. It is adjusted to the 
that the United States does its 
gineering, research and its manufa 


ng. For instance the 
now includes not only the in 
ntor to whom the patent was issued 


word pat 


it also his successor in title to the 
itent 

Likewise, a new and clearer stand 
rd of invention has been established 


It is now recognized to be any new 
2 


ind useful process, machine, or com 
position of material, or any new and 
useful improvement thereof. This set 


tles the old dispute whether a process 


in art or whether the art is 


1 pro CSS 

nd similar dispute s over the meanings 
words 

The courts have been defeating pat 


ents under the old law because of 
functional claims. The 
eliminates this by approving that 
a mechanical element or a step for 
performing a function will be valid 
when expressed as a means for per 


forming a function 


Ais 


new statute 


ither 


WwW ith uf 


suppor 





atement with structure, ma 
terial or acts. Such claims will cove: 
what is disclosed in the application and 
equivalents thereof. 


This new legislation has over-ruled 


ny the st 


many of the negative decisions against 
patent protection by the Supreme 
Court and lower courts of the United 
States. During the last 20 
Courts proceeded on the basis that w 

were European manufacturers in which 
every manufacturer made everything 
from nuts, bolts, and screws, to the 
completed apparatus. The Courts did 
not recognize that in the United States 


years th 


Invention Defined .. . 














- « « Any new and useful process, 
machine, or composition of material, 
or any new and useful improvement 
thereof. 


Product 


Engineering 





The New 


there exists a vast number of specialty 
manufacturers, each making in mass 
production a single part or a single 
piece of apparatus that might later be 
assembled into complete machines by 
other manufacturers. That point . 
ignored in the destruction of the prin 
ciple of contributory infringement 


was 


CONTRIBUTORY INFRINGEMENT A 
few years ago, anyone who supplied a 
particular component to complete a pat 
ented product was just as much an 
infringer as one who made the entire 
apparatus. Many Justices of the Su 
preme Court of the United States 
thought otherwise, and contributory 
infringement protection _ practically 
ceased to exist. 

Now, 


patented 


whoever sells a 
machine, 
paratus used in a patented process 


part of an 


part of a 
material, or ap 
makes invention, 
knowing it to be especially made for 
use in the infringement of a patent, is 
liable as a contributory infringer 

you supply a 
motor to ft 


which 


In other words, if 
specially built 
a particular machine only, it is neces 
to determine whether there is a 


electric 


sary 
patent existing covering the entire ma 
chine which your customer does not 
own and under which he has no li 
cense. Under this law, you must be 


sure you are not helping or encourag 


ng your customer to infring some 
body else's patent 
The law goes even furth r, b cause 


t says, ““Whoever actively induces in 
fringement of a patent shall be liable 
1s an infringer.” So, if your salesmen 
or your engineers should induce a cus 
tomer to buy your special equipment 
especially designed for his combinatior 
which is covered by a patent of another 


your company would be an infringer 


Some of the favorite devices origi 
nated by the United States Courts dur 
ing the last twenty years was to relieve 
for contributory infringement of a 
patent on the ground that one who 
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Contributory Infringement . . 





Whoever sells part of a pat- 
ented machine, material or apparatus 


used in a patented process 
part of an invention, 
contributory infringer. 


making 
is liable as a 


ittempted to control unpatented, spe 
cially built parts through a suit for 
contributory intringement was guilty 
of a violation of the Anti-Trust laws, 
and was guilty of misuse of the patent 
Then his patent was defeated on the 
ground that the manufacturer who sold 
such a component, which was unpat 
ented, was guilty of misuse or illegal 
extension of the patent right over un 
patented subject matter 

The new law says, however, that you 
cannot have your patent rights de 
feated on the ground of misuse or 
illegal extension of the patent right, 
because you are supplying, or licensing, 
one or more parts, especially designed 
to fit the customer's needs. The law 
also that you can have relief 
against an infringer who derives profit 
by the manufacture of a part or mate 
rial that is especially designed to fit 
your patented product. You can license 
another person to manufacture these 
parts of your equipment without jeop 
ardizing your rights 

Great possibilities for both profit and 
loss arise for those who would take the 


says 


Product Engineering 


Patent Law of 1953 


essence of a patent by the manufactur 
ing of the profitable components of 
the combination. 

Thus, the Supreme Court defeat of 
the Minneapolis-Honeywell Company, 
which tried to control the profitable 
part of making the switches on a stoker 
against competitors making similar 
switches for stokers, would be reversed 
under this new law. In that case, the 
Supreme Court held that, just because 
the manufacturers of the controls did 
not manufacture complete  stokers, 
Minneapolis-Honeywell could not have 
any patent protection for their switches 
especially adapted for such mechan 
isms, as such switches were not pat 
ented per sé 


RESEARCH LABORATORY INVENTIONS 
Following the eras of mass production 
ind mass merchandising, another great 
conomic development in the United 
States has been the growth of engi 
neering and research departments that 
have been producing, through the com 
bination of a large variety of technical 
skills, some of the greatest inventions 
of our time. The complexities of 


Research Inventions 





The courts cannot defeat a 
patent on an invention made in a re- 
search laboratory by a group of people 
attempting to solve a problem. 
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science and industry are such that the 
role of the single inventor with few 
facilities is passing, due to economi: 
conditions. This fact has not been rex 
ognized, and courts have indicated that 
they would not protect inventions that 
were the result of so-called “mass re 
search” or “mass engineering.’ 

The new law says, “Patentability 
shall not be negatived by the manner 
in which the invention was made 
Now it makes no difference whether 
the invention is produced by wealth 
or poverty, by an individual, or many 
men in a research team 

This leads to a development show 
ing another single angle of patent 1 
ognition based on modern conditios 
Now, we are dealing with organiza 
tions of varying size and large nu 
bers of engineers and scientists as well 
is practical men. The company paying 
for their services in the field of dev 
opment work has frequently been 
penalized by the difficulty of securing 
the signature of the inventor if he de 
lined to sign a patent applicatior 
Likewise, it has been difficult at times 
to determine who were the 
ventors or sole inventors 

Under the new law, whenever: 
nventor refuses to sign an application 
for a patent, or cannot be found after 
diligent effort, the company or person 
to whom the inventor has assigned th 
may make application for 
the patent on his behalf on proof of 
the ownership of the invention. Th 
owner of the invention may sign the 
papers and take whatever action is 
necessary to preserve his rights and the 
rights of the inventor, if any 

The new law also provides that, ‘If 
inventor refuses to join in an 
poet, or cannot be 

after diligent effort 


joint 


nvention 


i joint 
pplication for 
found or reached 

be made by thi 
behalf of himself 
and the omitted inventor.’’ Under such 
circumstances, the resulting patent will 
“subject to the same rights 
which the omitted inventor would hav: 


Ais 


the application may 


the 


inventor on 


be issued 








Patent Ownership .. . 








The owner of an invention 
can file an application on behalf of the 
inventor if he owns the invention and 
the inventor refuses to sign. 


had if he had been joined. The omitted 

nventor may subsequently join in the 

application.” If there is any error in 

ning a joint inventor, the Patent 

Office may permit the application to be 

umended when the new facts are dis 
red 


DIVISIONAL APPLICATIONS. It has 
been the practice, on occasion, for the 
Patent Othce to require division of a 
single application into a number of 
livisional applications to cover sepa 
inventions; then, if one of the di 
onal applications was issued ahead 
the others, the Patent Office 
issued patent to defeat the unis 

1 pending applications 
The new statute corrects this reason 
It says, ‘A patent 


us¢ d 


issuing on al 
ition on which a division is r 
red, shall not be used as a referen 

1 d application 


1 
visional 


application if th 


IS i8suc 


further pro 


The statute also 
' } 


that the divisional applicati 


entitled to the benefits ot 


of the original ippl it 


s9rovement in this dir 
visional applicat 
d by the 
has lef th 


of the manufacture 


ions a 
to be signe inventor 
the inventor 
r and can 


located, and it is ne 


; 


not 

the divisional 
strict time limit. To 
this, the statute says, “If a divisional 
application is directed only to the sub 
ject matter described in the original 
application, the Commissioner 
dispense with the signing and execu 
tion by the inventor.” 


filed 
correct 


have ipplication 


within a 


The last quoted sentence takes away 


A20 


Sssary 0 


may 


the power exercised by many judges to 
defeat patents, because it is claimed 
that there is more than one invention 
covered by the patent. If the Patent 
Commissioner issues the patent, that 
is the end of the question of how 
many inventions are within the scope 
of the patent. 

On the subject of an application for 
reissue of a patent because of original 
defects or mistakes, or because a pat- 
entee has claimed more or less than 
he had a right to claim, the new law 
provides that there may be several 
reissued patents for the separate parts 
of the device patented, instead of the 
old patent being reissued into a sepa 
rate entity. This improvement opens 
up many practical advantages, particu 
larly in view of the fact that contribu- 
tory infringement is again recognized 
by Congress in this statate. It may be 
very important to separate the reissuc 
applications into separate patents so 
that the several parts will permit the 
prosecution of contributory infringers 

The rule established by a number of 
Courts was that if there were an in 
valid claim among the valid claims in 
a patent, then the court would defeat 
the patent, or not enforce it, or both, 
because no disclaimer had been filed as 
to the invalid claim. 

The new statute changes this, or 

larifies it, by providing that you can 
maintain an infringement action, even 
though some of the claims are invalid 
But if you do not disclaim the invalid 
claims before commencement of the 
suit, you cannot recover your costs, if 
you win the suit 


FOREIGN APPLICATIONS. Atomik 

rgy has left its imprint upon the new 
The advent of other great 
their influen 


Patent Law 
inventions show 


secret 


Foreign Applications . . 


. . American inventors shall not 
file an application for a patent in any 
foreign country until six months after 
filing an application in the United 
States. 


Product 


upon the thinking of Congress in 
drafting this act. First, it is still the 
law that an invention will be protected 
by a patent, if the invention was not 
known or used by others in this coun- 
try, or patented or described in a pub- 
lication in this or a foreign country 
before the date he can prove he in- 
vented it, or more than one year before 
the date of the a for patent 
Such a public disclosure must have 
been aa by way of sale in this coun 
try, or a description in a publication 
anywhere more than one year before 
filing an application for a patent in 
the United States, or before the actual 
date of invention, in order to defeat a 
United States Patent. 

This means that a prior use abroad 
cannot defeat the United States Patent 
provided the alleged inventor did not 


Secrecy eee 


, In view of the problems of 
Vational Security, a license for export- 
ing a patent application is required. 


know about it. If, by priority of 


vention in this country, there is another 


bandoned or cor 


person who has not a 
ealed his invention, it will defeat the 
patent. If the inventor did not invent 
the subject matter sought to be pat 
nted, the will be invalid. If 
the invention was described in a patent 
held by another person before the in 

ntion by the applicant of the 


mat 
} atent 


patent 
the patent will be defeated 

The patent will be defeated if the 
nvention which it covers was first pat 
nted by the applicant in a foreign 
ountry prior to date of application in 
this country, or an application in th 
United States. In other words, when 
i foreign application has been filed 
the inventor must file in the United 
States within twelve months from the 
date of the application on which the 
foreign patent will be issued 

An important new provision of the 
law is that a foreign patent will not 
stand as a bar against the issuing of 
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Anticipation of a Patent... 





° An application for a patent 
cannot be defeated unless the device 
was known or used by others in this 
country before its invention. 


the United States patent in any case 


where the foreign patent was “issued 

ter filing in the United States 

If you are a foreign inventor, in 
order to date back your rights to a 
patent and secure your foreign priority 
so you can have the benefit of the ap 
plication date in your home country, it 
is necessary to file your application in 
the United States within twelve months 
from the earliest date that the foreign 
application was filed. A claim for 
priority must be made, and a certified 
copy of the original foreign application 
must be filed before the United States 
patent issues. These must be filed in 
the Patent Office to prove your priorit 
iS a foreign inventor 

American inventors who file an 
plication in foreign countries, bas« 

on a United States Patent applica 


P} 

are met by a new provision in th 
LW Except when authorized by tl 
Commissioner of Patents, a_ persor 


ill not file an application for 
t or registration of a utilities mod 
lustrial design, or model of an 
tion made in this country in any 

gn country until stx months aft 
ling in the United States.’’ This a 
thorization shall not be granted with 
the concurrence of the dead of th 
departments and chief officers of th 
Agencies of the Government who ha‘ 
1 such an order or restrictior 


Secrecy. The new law recognizes th 
roblems of National Security. It pro 
les for the secrecy of certain inven 
tions and the withholding of the pat 
ent publication to protect the nation 
The right to prevent the disclosure 
by filing the application abroad is 
under strict control 
The Commissioner of Patents has 


iererore, 
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the power to make an application for 
a patent available for inspection by the 
Atomic Energy Commission, the Sec- 
retary of Defense, and the Chief Offi 
cer of any other department or agency 
of the government designated by the 
President of the Defense Agency of 
the United States. This slams the door 
shut on one of the principal leaks of 
our scientific and inventive brains 

Upon representation of any govern- 
ment agencies so designated, the Com 
missioner may seal up the application 
and notify the applicant. This secrecy 
shall extend to not more than one year, 
and is subject to renewal at yearly pe- 
riods. However, if the United States 
is at war the secrecy order shall remain 
in effect for the duration of hostilities 
and one year after the end of hostili 
ties. Provision is made for compensat 
ng the inventor or the assignee. 

The law is also now clarified so that 
in proceedings in the Patent Office and 
Courts, an applicant for a patent may 
not establish his date of invention by 
referring to knowledge or use in a for 
eign country, except where he sub 
mitted a certified copy of any applica 
tion filed abroad within one year befor 
he has filed in the United States 

Generally speaking, the right to rely 
upon any foreign date by any foreigi 
inventor or United States inventors 
with reference to unpublished know! 
edge or prior use of the invention in a 
foreign country is eliminated. This 
reverses decisions of the Supreme 
Court of the United States on this sub 
ject. Most of the major decisions that 
have restricted the rights of inventors 
are either seriously restricted, modified 
or reversed by the new Patent Act 


No better indicatior c a. the 


New Use for Old Product 





: 4 new use for an old process, 
machine, or product can be patented 
even though the subject is already 
patented for other uses. 
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care with which the statute defines in 
vention as meaning an invention or 
discovery. It eliminates by statute the 
so-called “flash of genius” theory and 
the other artificial standards of inven 
tion established by the Court in the 
last twenty years. It defines the term 
process,” aS amy process, art of 
method. 

Most important of all, a new use of 
a known process, machine, manufac 
ture, composition of matter, or mate 


Patentability of a Process . 





The law is now clarified to 
cover a chemical as well as a mechani- 
cal process in addition to new uses for 
old products or processes. 


rial can be patented for the new 
even though the subject is already | 
nted for other uses 

This is the most significant phas 
the entire law. Any existing 
article of manufacture, methods 

il, machines, composition of mat 
itented, or un-patented found to | 

Ww us not disclos 1 heret 

in wb repatent d for the new 
Th S opens up an normous if 


ntrion and encourages new uscs I 


n ubl b n t or th | 
ntions already mad 
Congress has b 
yonizes that all d | nts 
ntions that ha b f 
f if just new tools which tl 
itor, the eng er, the scien 


the manufacturer can put to work 

new things, even though the mech 
nism of the thing itself has already be 
made public, is 
That, essentially, is a law for a pra 


yvatented, or is 


tical people such as we. One wh 
an find a new use for our past accon 
thereby increasing the ef 
fectiveness of our economy and ex 
panding our scientific and manufa 
turing activities, can be blessed with 


plishments 


utent monopoly for seventeen years 
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Simple Answers 
to “What Will It Cost?” 


Competitive cost analysis, using weight-price correlation, may be a better barometer 


during initial design stages than a detailed cost estimate. Breakeven charts and progress 


curves also are valuable pre- and post-design tools. 


GEORGE H. KENDALL 


Consulting Engineer 


ASSURANCE of an essential margin of 
profit on new or redesigned machinery 
Of equipment is contingent not only 
on final selling price but also on the 
relationship of the price and perform 
ance with competitive lines of ma 
chines. During initial design and de 
velopment stages, these comparative 
costs are more 

a detailed cost estimate 


often important than 

and of more 
help in making design decisions 

Such comparisons may provide the 
inswers to many of the policy ques 
ons that invariably arise in discussions 
umong engineering, sales, and manage 
nent departments, and be an excellent 
guidepost for the project engineer who 
s responsible for a given line of ma 
hines. One method of obtaining such 
information is to correlate weight with 
price ror . 


narket 


The sc 


machines already on_ the 


weight-price rc lationships 
represent basic information regardless 
% whether the manufacturer is large 
small or whether his production 
quipment is obsolescent or of the latest 
lesign. Taxes, selling and merchan 
lizing costs, shop bonuses and incen 
tives, and all overhead costs are repre 
sented in'his price. Mark-ups differ, so 
that they become an individual prob 
lem, but even so are included in price 
weight ratios 

In the past, many views were held 
is to whether weight and price could 
be correlated. Some engineers main 
tained that no such correlation could 
xist, particularly in view of changing 
labor and materials prices, fluctuating 
taxes, and other variable conditions ex 
isting between different plants. Others 
claimed that it was impossible to ob 
tain satisfactory machinery 
built on special order. Still others were 
sure that the effects of special attach 
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results on 


nents or services would upset any pos 
sibility of correlation 

However, research has demonstrated 
that, once a line of machines is de 
signed and placed on the market as a 
‘type,’ the shape of an average pric: 
weight curve changes very little over 
a period of years. While specific cost 
values will vary, these can be taken 
care of by correction factors computed 
from the difference between a current 
base and the base that was originally 
used to obtain the curve 

Curves must be based on the 


pric 


aad weight of similar combinations of 
mechanisms. A lathe, for example, con 
sists essentially of a base, headstock 
tailstock, ways, cross slide, chuck, gear 
ing, and associated drives and con 
trols. If all types of lathes were placed 
on one graph, however, the figures 
would be meaningless. It is necessary 
to plot data only for machines designed 
for similar functions, so that tool room 
lathes would be represented by one 
graph, veneer lathes by another, and 
automatic chucking machines by still 
In Tables I and IT are lists 


inother 


Table I—Range of Weight and Price 
for Various Types of Products* 





Equipment Similar t 


Floor scrubbers and polishers 
Veneer lathes 

Wire and ribbon stock reels 
Marking machines 

Vending machines, automatic coin 
Shredder machines, waste-paper 


Automatic gas water heaters (galv. outside flue 100 700 0.300 
hand directed 


Garden tractor, disk-harrow 
Milk-can coolers 

Food freezers 
Motion-picture projector 
Farm field mowers, horse 
Harvesters, cornhusker 
Harvesters, corn-sheller 
Grain blowers 

Magnets, rail-lifting 
Dollies, low truck 
Unloading chutes 
Wheelbarrows, steel 
Dump carts, two-wheel 
Coal stokers 

Food deep-pan fryers 
Overhead traveling crane 
Hammers, single-frame forging 
Hammers, double-frame forging 
Chain hoists 

Air compressors, single-stage 
Air compressors, two-stage 


chassis only 


or tractor-drawn 


Range of Weight, 
Ib 


Max Min Max 


$3.210 
0.520 
0.350 


150 $1.160 

45,000 0.230 

600 0.180 

8,000 0.580 3.050 

250 3.580 7.350 

,000 5,000 0.940 1.220 
0.410 
1.560 
0.530 


150 600 0.720 
500 1,100 0.400 
200 750 0.690 1.180 
6 18 4.550 18.50 
500 800 0.290 0.525 
,500 3,500 0.300 0.350 
,000 3,500 0.310 0.390 
300 450 0.300 320 
,000 7,000 0.670 780 
20 100 0.190 610 
25 150 0.230 440 
60 150 0.145 230 
300 650 0.300 500 
300 2,500 0.190 590 
25 700 0.760 710 
5,000 105,000 0.280 820 
,000 110,000 0.070 330 
,000 400,000 0.070 190 
20 1,500 0.510 490 
,500 9,000 0.390 610 
000 = 130,000 0.290 640 








* Figures require multiplication by a 
1 


correction factor 
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Table 1l—Effect of Production Quantity on Equipment Cost* 





Design | Total Cost for Various Productions Quantities, per Ib. 




















9.30 6.58 
5.50 15.5 13.8 10.1 
2.07 12.0 11.4 
0.43 3.65 | 3.00 
0.80 6.63 
0.51 3.62 


0.67 
0.74 5.23 
0.90 7.15 
2.19 15.6 
0.67 95 

0.16 
0.47 
0.40 4.02 








ee 
PRESSES wovsunn 












































* Figures require multiplication by correction factor for current use. 


ombinations of mechanisms use, the greatest width of the band ca an the aver 


along with minimum and maximun be indicated on the curve by plus and largin of profit 


ag 


prices and weights minus values in cents per pound While this is not the entire story 
As can be seen from Fig. 1, price The weight and price of each ma s the hard, cold, basic fact on whict 
weight relationships will scatter over chine of a given type should be thor inalysis should be based. It is entirely 
a band throughout the entire range of oughly checked and plotted into th possible that creative design may pro 
weights, rather than fall on a_ line material for just one graph. Data for luce a machine with greater capacity 
This band will indicate the highest and many machines, representing the enti than its competitors and so command 
lowest cost per pound at which the cross section of the industry, must b 1 higher price for a given weight. It 
given type of machinery has been suc plotted. While the curve that is draws s also possible that certain patented 
cessfully produced. A smooth, faired through this plot will represent a con features will permit marketing of 
curve can be drawn through this band promise among all machines in a pat nachine at a higher price per pound 
to indicate the average price variation ticular classification, it will be indica than competition. It is also possil 
that might be expected, based on past tive of the best modern practice. I: that certain low cost constructions, p! 
American practice. To assure strictly general, any long range program of large volume of manufacture witho 
impartial information with the ultimate development should be aimed at pro ny patentable features whatever 
f the largest scope of general ducing equipment that will cost less result in a price lower than the av 
ige. This in turn might result is 
greater margin of prokt 


Fig 1—Typical price-weight chart. This indicates the definite correlation between In some of the machin 


price and weight of similar classes of equipment, and can be used to establish ons the range from the 
specifications during initial stages of design. Note effect of light weight. to th large St size 1S SO pre: 
int establishing light, m« 
heavy zones purely for analys 
SIZ€ studic Ss The cross-section 
arly show the trend characterist 
the particular type of machine. As tl 
weight of machines increase and, pa 
cularly n the h ivy classes 
ent, the width of th 
reasecs 
band widt!l 
things. Generally 
w machine classificat 
atentable features 


lightweight equipmer 
july 


appliances, that ar 
f Ider lines of machit 
rf equipment for which most bas 
tents have expired will fall withis 
uch narrower price band 
40.000 50,000 0.00 Q 80.00 The more sensitive zones of any { 


weight of machine, It ilar graph are indicated | 
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Table I1I—How Price Weight Curves Differ for Various Equipments 





cate | 
| 


2.600} 
2.200 } 


1.800 } 


1.400} 


o - - —— ——— — — 4 — 
000 «2,000 3000 4000 5000 6000 7000 8,000 8000 12,000 


Total weight of machine, Ib 








zg 





Price per pound, $ 





, 


~ 
ao 
Oo 


1.000} 


0.800; 


Price per pound, $ 


0.600} 








20,000 40,000 60,000 80,000 100,000 120000 140,000 160,000 . uw. 600. 


Total weight of machine, Ib. 


0.499-—_——_— 
(D) 


Tota 


ota 





16,000 20.000 24,000 28000 32,000 
weight of machine, Ib. 





800 §=61,000 =1,200 «61400 8 «1,600 
weight of machine, ib 


(A)—Price of equipment in an established industry generally falls within narrow limits, and the lighter is the equip- 
ment, the more sensitive is the price-weight relationship. All data are from Kendall Harris Reference Guide. 


(B)—This curve indicates an extreme sensitivity of cost to weight in smaller machines—probably a result of heavy over- 
head costs. Engineering costs alone are high on this type of equipment, which is large even in small sizes. 


(C)—Price line for well established equipment in an older industry. Maximum price variation is extremely small, even 
though curve covers a wide range of equipment sizes. This is normal for industries that have been long established. 


(D)—Unusual weight-price graph results when increasing the limits of operating conditions—temperature or pressure, 
for example—requires “beefing up” of the equipment. The curve would be similar for some hydraulic devices. 


num degree of change of the averag« 
urve. In these zones, slight changes in 
weight or price will have a consider 
ible effect on the competitive position 
yf the machine, and may greatly influ 
nce the overall margin of profit. Con 
ersely, in the least sensitive zones, the 
is relatively flat and a consider 
weight change is possible with but 
effect on unit price. In other 
rds, overall price varies almost d 
tly with weight in the latter in 
tan while in the more sensitive 
ynes, a decrease in weight may cause 
increase in price 
Once experience has been obtained 
with the curves—and these may 
severa) forms, as illustrated in 
II1I—several other features may 
idded based on personal exper 
and company records on former prod 
icts. The curves might be broken dows 


ind 


to show the proportion ol desig 


tooling cost to total cost, or to other 
osts making up the total. And, as 
previously mentioned, factor can be de 
veloped to correct for changes is 
nomic conditions 

Once charts have been develo; 
a given type of machine, answers t 
questions such as the following car 
easily obtained 

1. What is the cost range o 
petitive lines of a proposed ma 

What is the range of weight 

this type of machine ? 

3. What are the extremes of 
and price for this type of machir 

t. How does price var 
weight ? How fast 

5. To sell at a certain 
much in the 
weigh 


proposed 


Can more weight be added ar 


Product 


still leave the machine within th 
ral price range? 
Does the indicated cost show tl 

further design revision is advisable 

8. Would the use of other mecha 
sms reduce cost ¢ 

9. What is the range of cost 
onstructions ? 

10. Would a combination ot 

hanisms result in lower cost 

The importance of knowing weight 

relative and comparative valu 

unnot be overlooked for those wh 
lesire facts and an assured marg 
profit. When it is realized that 
shape of all of these curves 

nt, and that each one 

successful performan 
icturers with the recognized b 
n the world, then basi 
lesign and development 
understood and practiced 
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Price per pound, $ 





Price per pound, $ 


(G) 








=~ 


Price per pound,$ 
3 

















10,000 20,000 30,000 40,000 50,000 60,000 70,000 





80,000 


Toto! weight of mochine,!b. 








14 16 18 20 22 24 
Tota! weight of machine, Ib. 











0 12 16 20 


Total weight of machine, Ib. 














(Hy ° 20000 40000 60,000 901000 190000 120,000 10000 vea000 


Tota! weight of mochine, ib. 


(E)—When capacity or size are far below normal, the weight-price curve has almost a vertical slope. However, distinc- 
tive patentable features may support a higher price level. Competitive features are always a factor in design. 


(F)—Lightweight equipment. The relatively large variation in price per pound indicates a line of products not yet estab- 


lished as an industry. Good 


can make a product an industry standard on some equipment lines. 


(G)—This equipment is costly but designed to close limits. A entering this field should definitely investi- 
gate weight-price relationships before establishing design eeitaattinies chet die product be sold at a joss. - 


(H)—The average line of this curve is indicative of constructions made of all basic structural shapes or all castings. Ma- 
terial costs per pound remain essentially the same regiérdless of product size, so the curve has very little slope. 


Break Even Charts 

Another type of cost curve that can 
be put to excellent use in the engi 
neering department is the so-called 
break even chart. This chart 
two curves: One shows accumulative 
anticipated income; the other, accumu 
lative anticipated cost. The point at 
which the curve of income crosses the 
urve of costs is the break even point 
in terms of units that have to be pro 
duced before the company recovers all 
direct and indirect expenses and starts 
making a profit 

For example, assume that a 
product is under consideration by the 
engineering and departments 
From preliminary designs, the engi 
neering department can estimate th 
development and tooling costs, as well 
as determine the unit cost of the 
uct. In Fig. 2. $100,000 is taken as total 


ontains 


new 


sales 


prod 
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development and tooling costs. Assum 
ing that direct and indirect costs equal 
$325.00 per unit, the curve of costs can 
be plotted. If, based on market an 
alysis, the sales department estimates 
that the product can sell for $475, 670 
units must be produced before profit 
This gives the sales department a pre 
liminary figure that can be checked 
against sales estimates, and indicates to 
the engineering department the neces 
sity for design modifications or reduc 
tions in tooling and development 
An additional expenditure for jig 
and semi-automatic tooling ($50,000 
on curves) might reduce unit costs by 
reducing the slope of the cost line, and 
thus lower the break even point (red 
line). So the curve can be used to con 
pare production methods as well as ti 
determine feasibility of development 


economics of 


S 


different designs 


Handbook 


worked backwards, the efficiency 
the engineering program 

There are several factors to kee p in 
mind. however, if break even 
} 


oe used 


low 
charts are to 

(1) They are based on preliminary 
estimates, and so if the error is to be 
on the safe side, the estimates should 
be conservative, yet as accurate as pos 
sible 

(2) The selling price may effect 
unit sales, and so should be based on 
actual market conditions. It is frequent 
ly better to establish limits, both mir 
imum and maximum, for market price 
as well as limits on sales potential 

(3) Development costs should in 
clude drafting 
design changes, an 


engineering models 


allowan i 


esting, 
other preproduction costs, including 
tools, jigs, fixtures, material, and labor 


such 


A2s 


ost and also the cost of new 








tie 2 


Break even chart. Point at which income crosses the cost line indicates 


the number of units that must be produced before profit. 


equipment and expanded facilities as 
are necessary. 

Like price per weight curves, break 
ven charts are easily prepared once 
preliminary calculations have been 
made and should be more widely used 
than they now are in engineering de- 
partment planning. They also are an 
ffective tool for management 


Progress Curves 

The greatest inaccuracy in break ever 
charts is that they are based on uni 
form product cost regardless of quan 
tity produced. Actually, unit costs de 
crease with increasing production 
quantities since indirect a overhead 
costs are spread over a gftater number 
of units and the efficiency of labor 


tooling, and machine use becomes 
greater as production runs become 
longer. When cumulative costs are 
plotted vs. the cumulative number 
of units produced, a hyperbolic curve 
similar to that shown in Fig 3 results 

Since the rate of decrease of cost 
with quantity for one product often 
an be predicted from curves for an 
other, progress curves can be used by 
both the engineering and production 
department for cost estimating pur 
poses. They can also be used to ascer 
tain how several production costs 
making up the whole vary with pro- 
duction or to show the effect of quan- 
tity on material, tooling, engineering 
ind overhead costs. 

Three types of progress curves can 
be plotted: One of cumulative average 
osts vs units produced; one showing 
cumulative costs at any given unit; and 
another showing unit cost vs produc- 
tion quantity. The first can be used to 
stimate break even points and to check 
total anticipated production costs vs 
actual costs. 

These can be plotted from historical 
data on the following basis: 


Cumulative Average Cost Curves 
bx™, where y is product cost, 
is the number of products pro- 
duced, & is the cost of the first 
product, and m is the slope of the 


progress curve on logarithmic 


paper 


l'nit Cost Curves 
yi = b (x — Y4)™(m + 1), where 
y is the unit product cost at x 
and x is the unit number 


Cumulative Cost Curves 
y—bxmti 





Material for this article based on Kendall-Harris 
Reference Guide (unpublished) 





Fig 3—Progress curves indicating the effect of quantity on decreas- 
img unit cost. Improved methods and machines plus labor improve- 
ment are primary causes. Both plots are so-called 80 percent progress 
curves common to the aircraft industry. 





Total production cost for labor 





Tota! production cost for tabor 




















Production quantity, units Production quantity, units 





Developments to Watch 


AUTOMATIC CONTROL ... Talk 
of automatic factories other than those 
in the process industries where con- 
tinuous flow simplifies the job of con- 
trolling the operation fails to take into 
consideration three factors: (1) auto- 
mation is adaptable only to large mass 
production industries where tens of 
thousands of one product are made 
without any significant changes in de- 
sign; (2) automation is expensive and 
on the basis of economics alone, often 
not practical; and (3) until machines 
are automatic, factories cannot be au- 
tomatic. 

Nevertheless, the market for instru- 
ment and automatic control devices has 
been increasing twice as fast as ex- 
penditures for plant and other types 
of equipment. Much of that increase 
has n for aircraft and industry 
control devices. In addition to estab- 
lished names in the field, newcomers 
have jumped their dollar sales from a 
few thousand to several million, and 
many aircraft builders have established 
electronic and control sections through 
which they are planning an entry into 
fields other than aircraft. When the 
defense cutback comes, the scramble 
for business will begin. (See Product 
Engineering Perspectives, July, 1953). 
This period is bound to bring simpli- 
fication of systems, lower cost through 
redesign of components to make them 
as accurate as necessary—but no more, 
and through design the adoption of 
new methods of control for established 
machines and established methods of 
control for new machines 


DRAFTING SIMPLIFICATION 
._. . Less talk and more action seems 
to be the industry's attitude toward 
changes in drafting room procedures 
and methods. The simplified drafting 
approach described in previous pages 
is only part of the story 
Freehand sketches, pencil drawings 
instead of ink, diemetric and trimetric 
projections, wider use of templates 
and printed standardized component 
drawings, printed transparent overlays 
that are attached to the drawing by an 
adhesive layer on the reverse side, use 
of adjustable size typewriters for let- 
tering, and many new types of drafting 
room instruments, reproduction ma 
hines and equipment are but some of 
the trends. 
Another is the tendency to question 
whether an assembly, sub-assembly, or 
component drawing is necessary at all. 
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A cold, factual analysis of your draft- 
ing room might easily result in a re- 
duction of 50 percent in costs of op- 
eration. 


ENVIRONMENTAL TESTING 
. . « The aircraft industry found out 
early in World War II that if it want- 
ed detailed data on how equipment 
would function in service it had to 
test the equipment under simulated 
service ean. Test chambers that 
could operate at —95 F to several hun- 
dred degrees above freezing at any 
degree of relative humidity and at 
simulated altitudes up to 50,000 or 
60,000 ft came into being. Into them 
went communication equipment, cabin 
heaters, fuel pumps and all types of 
other auxiliaries and drives. 

Now the trend is extending to com 
ponents such as bearings, gaskets, in 
sulated electrical wiring . and to 
other industries. As a result, consult 
ants on environmental testing are 
springing up throughout the country, 
and commercial research laboratories 
are expanding facilities for testing of 
customer components. The field will 
continue to grow. 


COMPUTERS... . . New computers, 
for the most part designed to solve 
special problems in ordnance or mili- 
tary logistics, continue to receive spe- 
cial attention in the engineering field. 
Many are being contracted for simply 
for the experience. At least one com- 
pany which has completed a large digi- 
tal machine, has no plans to build ad 
ditional computers—and undertook 
the initial job only to determine what 
components, memory systems, design 
techniques, and assembly methods be- 
ing used in computers might be adapt- 
ed for their commercial equipment. 

Look for two trends: The increased 
use of small and perhaps “home-made” 
analog machines throughout industry; 
the tendency for small to medium 
large companies to contract for com 
puting services from laboratories hav 
ing a variety of machines and the per- 
sonnel to analyze and program the 
problem. If there ever is a market for 
simple, standard, production built 
equipment, it will be in the commer 
cial and business machine fields. For 
engineering purposes and special in 
dustry problems, large complex and 
expensive equipment will continue to 
be tailor-made or modified for each 
customer as they are needed. 
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In addition to the high speed gen 
eral purpose digital computers to solve 
mathematical problems, there are a 
wide variety of tania applications 
of digital techniques, in the military 
as well as in the commercial field. 
These applications differ from the gen- 
eral purpose machine only in that they 
always solve versions of the same prob 
lem and do not have to be pro- 
grammed. In parallel with this dea. 
the sdow-<pnel-of-comnputsiiat field is 
important in automatic air traffic con- 
eal automatic factory, military logis- 
tics and other kinds of automatic rec- 
ord keeping. An automatic component 
assembly machine, one of the compon- 
ents of an automatic factory has n 
completed at General Electric. This 
unit places resistors, capacitors and 
other components on printed circuit 
boards according to pre-set data. 

Another and perhaps the most sig- 
nificant advance to date is “Project 
Tinker-Toy,” a development of the Na- 
tional Bureau of Standards. This has 
resulted in a completely automatic pro- 
duction line for Navy electronic gear. 
Assembly is based on ceramic wafers 
that are compacted, baked, and built 
up with printed resistors, capacitors, 
and complete sub-assembly circuits 
These circuits are stacked, placed on 
an etched or stamped chassis contain- 
ing connecting circuits, and dip 
soldered. 


ENGINEERING CUT-BACKS. .. . 
Industry has invested heavily in engi- 
neering in the past few years, partly as 
a result of military demands for new 
and complex equipment, partly in an 
effort to improve competitive situations 
—and partly because of the federal tax 
structure 

Because of the excess profits tax 
many company managements have un- 
derwritten engineering facilities that 
would otherwise have been put off or 
neglected. They have hired sufficient 
personnel to carry the added workload 
of defense business. As a result, most 
companies today are in good condition 
on the engineering side of the ledger 

In the coming year, the tendency 
will be to reduce engineering expendi 
tures. Normal reductions can be antici- 
pated in most instances. Serious cut- 
backs would be a mistake. The need 
now is for cost conscious design and 
redesign, since many current products 
are over-engineered. And price will be 
a big factor in the years ahead 
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TECHNICAL 
PAPERS 


for your protection 





When you ask for Clearprint, be sure you get it. Look for 
the Clearprint name, watermarked for your protection. 
No other technical paper is “just the same” for Clearprint 
is made by an exclusive process available to no other 
manufacturer. Since its introduction in 1931, other paper 


makers have strived to equal Clearprint’s quality. None 
has succeeded. 


For America’s finest technical paper, always insist on 


genuine watermarked Clearprint. 








CLEARFSINT 


v4 


TECHNICAL PAPER 


THERE 1S NO SUBSTITUTE — Demand Watermarked Clearprint 


MAIL COUPON FOR SAMPLES AND PRICES 
There are Clearprint Technical 


Papers for every requirement. CLEARPRINT PAPER CO. 1482-67TH STREET, EMERYVILLE, CALIF 


Order from your dealer today, Send me Clearprint samples, with prices, for the following 


uses 


or write: 
CLEARPRINT 
PAPER CO. 


1482 SIXTY-SEVENTH STREET ADDRESS 
EMERYVILLE, CALIFORNIA 


Have your representative call at my office CITY 





NOW the most important advance in the field of 
vibration testing since Calidyne first introduced the 
2500 pound shoker, 600-1250-2500 pound force 
shaker systems with electronic power supplies for 
programmed complex waveform and feedback 
testing. 

SHAKERS — A complete line of electrodynamic shakers, force output ran 


- 
jing trom 25 pounds 


to 2500 pounds for conventional vibration testing to JAN and MIL specificoti 


CALIBRATION SYSTEMS Designed specifically for calibration of vibration pickups, the 
Calidyne Model 1 and Model 6C Calibrators with associated power supplies and 
accessories provide two basic and complete systems for rapid and occurate 


calibrations of accelerometers and velocity pickup 


ACCELEROMETERS D.C. operated accelerometer 


in standard ranges from 5 to 50g. Typical « 
from 200 to 500 cps, 15 volts output ot rote 
with these accelerometers include compact neé 


coupling circuits as well as A.C. operated supplies 


METERS The Calidyne Company offers three instruments dé 
measurements The Vibration Meter a bottery p 
use with standard velocity pickups Direct reading 


or displacement 


The Signal Monitor A.C 
motion of shokers having 
tion in vector } 

The Vibrascope u the Calidyne elerometer 
reading of vit 


a calibrated 


STANDARDS The Calivolter pr 


calibration work Easily checked 


SALES REPRESENTATIVES IN: WALTHAM, MASS. CLEVELAND, OHIO 


Robert A. Waters, Inc. M. P. Odell Company 
Walthem 5-6900 Prospect |-6!7! 


THE RIDGEWOOD, N. J. FLORIDA 


G. Curtis Engel & Associates A. H. Lynch end Associetes 
N. Y. City Rector 2-007! Fort Myers 5-6762 
WASHINGTON, D. C. CHICAGO, ILL. 

F. R. Jodon 


Inc. Hugh Marsiand & Company 


COM PANY Woodley 6-2615 Ambassador 2-1555 


WINCHESTER, MASSACHUSETTS 


MINNEAPOLIS, MINN DALLAS, TEXAS HOLLYWOOD, CALIFORNIA ARNPRIOR, ONTARIO, CANADA 


H. M. Richardson & Company John A. Green Company Gerald 8. Miller Company Measurement Engineering Limited 
Fillmore 6317 Dixon 9918 Hollywood 9-6305 Arnprior 400 
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ia hie id 


Py ee eee. So, Kee | 
Meet AG! ; ee, 
AGAIN FIRST WITH THE FINEST 


WOLLENSAK 





ersA LINER 


“Gpeco MasreR 


NEW, FASTER— 
MORE EFFICIENT! 





@ Prints up to 14 ft. per min. Develops at 8 ft. per min. 
Produces black line and colored line whiteprints in 
volume at low cost! Handles cut sheets or roll stock up 
to 42” wide in any length. Equipped with 2000 watt high 
pressure Vicor jacketed lamp for greater printing speed. 
Newly devised blower system for coolest contact— protects 
originals. Feed, delivery and all controls in front, within 
easy reach. Easy to install and operate. Trouble-free. 
Simple to clean. Minimum maintenance. 220 v. single- 
phase 60 cycle AC. Priced at $1565.00. Get full facts now. 








Also other Versa-Liner and Spee-Dee Whiteprinting Out- 


— . fits for Moist Diazo or Ammonia Dry Process from $55.00 
Continuing the Wollensak 


policy of developing finer 
cameras and accessories to 












5629 N. WESTERN AVE. 
CHICAGO 45, ILLINOIS 


Founded in 1937—Over 10,000 Machines in Use 
MFRS. OF WHITEPRINT, BLUEPRINT AND PHOTOCOPY EQUIPMENT 


fill the requirements for 
more complete high-speed 
instrumentation Wollensak 
has produced these larger 
film capacity FASTAX high- 
speed cameras. Now for the 
first time longer continuous 
motion studies are possible 
with ome camera. 

















= == S| — 


' > ee od 
_ . A Fine Used b 
The 8mm FASTAX has a = ; 
; Precision Leading Draftsmen 
maximum speed range of , 
Tool and Designers 


12,000 pictures per second 
... the 16mm Fastax, 6,000 
pictures per second . . . the 


Hair-line adjustment quickly made and maintained by spring-loaded 
thumb rollers. No screws or clamps. Lead expeller for easy control 
of lead length. Slides instantly interchangeable to any beam length 

rs ; i Made of anodized aluminum, stainless satin finish. Beam lengths 
35mm _ Fastax, 2,500 pic- from 7” to 100”. WRITE FOR LITERATURE. 


tures per second. These speeds prevail when cam- 
eras are operated on 130 volts without a “goose.” 


NOW AVAILABLE 
HIGH-SPEED CAMERA LENSES 


Complete line of FAstax Raptar lenses in focal Jacts about 


lengths up to 80” available for high-speed cameras. 


WRITE WOLLENSAK FOR INFORMATION OR SERVICE Product Engineering 











ENGINEERING RESEARCH ASSOCIATES, INC. 


3475 East Nine Mile Road Hazel Park, Michigan 

















* RAPTAR Product Engineering is the only paid- 
° RAPAX circulation magazine serving design 
* FASTAX engineers. 

SRG Temas hem egasis mee ° MIRROTEL 














A30 Product Engineering — 1954 Annual Handbook 











Design and Make your own 
AIR GAGING AND MACHINE CONTROLS 


WITH 


“PLUNJET”’ 


GAGING CARTRIDGES 





“GREATEST ADVANCEMENT IN AIR GAGING 
SINCE THE INTRODUCTION OF PRECISIONAIRE” 


That's what many have said of this “gaging cartridge 
of 10,000 uses.” During the last four years thousands 
of PLUNJETS have gone into use on a wide variety of 
gaging and machine control applications. More than 
five thousand are on gages for checking jet 
engine blades. 


NOW, PLUNJETS ARE AVAILABLE TO YOU—immedi- 
ate delivery from stock of 36 different ranges, styles 
and types, at least one of which is suitable for your 
requirements. 


SAVE BY SENDING THIS COUPON NOW for your own copy 
of PLUNJET ENGINEERING DATA. 


GAGE DIVISION, DEPT. 11 
THE SHEFFIELD CORPORATION 
DAYTON 1, OHIO, U.S.A. 


PLEASE RUSH 
PLUNJET ENG. DATA 


SIGNED 





POSITION 





COMPANY. 





STREET 








CITY. ZONE__STATE_ 
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TESTED 





is TRUSTED 


NOW...a standard of — 
testing accuracy heretofore 


unavailable... through the 


1 SCOTT 
S “ACCR-O-METER” 


ea 


«ail = 


Weighing System 


Beet 4 


for Constant-Rate- 


of-Extension Testing 


(accuracy to .01%) 





“ee 


applicable to all types 
of materials both low- 
and high-elongation, with 
capacities up to 1 ton tensile 


With the Scott 
“ACCR-O-METER” 


See whata sore" 


highly accurate Stress 
Strain recording is produced 





The “Accr-O-Meter” is invaluable to manufacturers, 
suppliers and users of materials. Gives accuracy and 
detailed evaluation never before obtainable. Finds end- 
less applications in precise tensile testing of all sorts of | 


materials and their products and constructions. 


Request Literature on this and other 
SCOTT "WORLD STANDARD" TESTERS 


SCOTT TESTERS, INC. 


92 BLACKSTONE ST., PROVIDENCE, R. I. 


A32 
















AMAZING! the Time and Money Saved 
pre HITEPRINT 


pee w 
ope? Dew OUTFITS 












csi 
— . 
77) 
fez \c 
+9 S 
i . . . 
es {. Make Exact Duplicates in as little 
7 as One Minute at less than 2c sq. ft. 
rr? 
/ Inexpensive and simplest of all print 
Ete making equipment! Thousands in daily 
; . 4 use. Enables anyone to make accurate, 
-" _ positive whiteprints from translucent 
originals. Saves up to 80% of commercial 
e blueprint costs—quickly pays for itself! 
page ie Makes photocopies, too. Just plug in 
: . Uses diazo (moist or ammonia dry) 
<b process. ( omplete portable Spee-Dee 
| 3 - outfits in 12" x 18", 18" x 24” and 
‘ ° ° 
‘“ 24” x 36” models. Prices start at $55.00. 
Also a full line of 42" width capacity 


volume production whiteprinters at 
moderate prices. 


Send today for Free 
Spee-Dee Brochure 


Peck & HARVEY 


Mfrs. of Whiteprint, Blueprint & Photocopy Equipment 
5629 NORTH WESTERN AVE., CHICAGO 45, ILLINOIS 


AN EVEN-LINE 


The UNIQUE drafting pencil that: 


10 DAY 


FREE TRIAL 














@ uses a ribbon of lead .012 in. thick, 







e draws without sharpening, 


@ feeds lead automatically, 


eliminates lead breakage, 


Two Sizes Available 


Light Line — 012 in wide 


Heavy Line — .018 in. wide 
Leads - HB.H, 2H, 4H, 6H, 9H 


$3.50 plus $.35 fed. tax | 


Pencil — nae of 02 | 


Leads — $ .25 per 


EVENLINE PRODUCTS 


At your dealer or 
de Station, Providence 6, R.1 


P.O. Box 47 East Si 








Product Engineering — 1954 Annual Handbook 














DIFFERENT DIAZOTYPE MATERIALS 


(Ammonia-Developing and Moist-Developing) 


EACH DESIGNED TO DO A SPECIFIC JOB 


It is not necessary to resort to compromise materials 
when your reproduction problems are out of the 
ordinary. Every Tecnifax Sales Engineer can 
demonstrate 229 different Tecnifax diazotype 
materials, including many exclusive items. He is a 
specialist in these materials, but will unhesitatingly 


recommend other reproduction processes where 


You utilize a wide variety of materials in your 
designs, selecting each for its qualifications for a 
specific job. We suggest the same approach in 
choosing reproduction materials. Before you ac- 
cept limits in your reproduction techniques, please 
call the nearest Tecnifax Office listed below, or 


write to Tecnifax Corporation, Holyoke, Massa- 





they serve your purpose better. 


TECNIFAX 
DISTRIBUTORS 


Atlanta 3, Georgia 

Atlanta Blue Print & Supply Co. 
112 Spring St., N. W 

Lamar 1916 


Denver 2, Colorado 

Colorado Blue Print Paper & 
Supply Co 

1522 Glenarm Place 

Main 5106 


Houston 2, Texas 

Rapid Bive Print Co., Ltd 
417 Gulf Building 
Charter 1626 


Seattle 4, Washington 
Olympic Blueprint Co 
112 Marion Street 
Main 544] 


Washington 6, D. C 
Macintosh & Sheridan 

229 Dupont Circle Building 
Dupont 7-0114 


Buffalo 2, New York 
Seneca Blueprint Co., Inc 
187 Delaware Avenue 
Washington 6772 


El Paso, Texas 

R. M. Metcalfe Co. 
318 Texas Street 
2-2666 


Knoxville 2, Tennessee 
Sehorn and Kennedy 
715 Market Street 
4-1823 


St. Lovis 1, Missouri 
Commercial Blue Print & 

Photo Copy Co. 
1123 Locust Street 
Garfield 2647 


Charlotte 2, N. C. 
Southerland Bive Print Co., Inc 
119 West First Street 
Charlotte 2-4472 


Albuquerque, New Mexico 
R. M. Metcalfe Co. 

706 North Second Street 
3-5549 


Philadelphia 7. Pa 

Allied Engineering Products, Inc 
1227 Arch Street 

Locust 4-3855 


Tulsa, Oklahoma 

J. A. Blackwood Co 
310 East Sixth St. 
2-7559 


chusetts. 


TECNIFAX SALES 
BRANCHES 


New York 16, N. Y. 
280 Madison Avenve 
Murray Hill 3-0664 


Cleveland 13, Ohio 
1200 West Ninth Street 
Tower 1-3339 


Indianapolis 4, Indiana 
717 West Washington Street 
Lincoln 4970 


Dallas 7, Texas 
2022 Farrington Street 
Sterling 4078 


Baltimore 2, Maryland 
1605 Court Squore Bidg 
Piaza 6015 


Detroit 16, Michigan 
1627 West Fort Street 
Woodward 1-7490 


Cincinnati 2, Ohio 
309 Main Street 
Gorfield 4787 


Pittsburgh 33, Po. 
1009 Pennsylvania Ave 
Cedor 1-5440 


Kansos City, Kansas 
909 North Sixth Street 
Drexel 4257 


Chicago 14, Illinois 
2716 North Kenmore Ave 
Graceland 7-1519 


Albany 9, New York 
15 Colvin Avenve 
Albany 89-06-33 


Minneapolis |, Minn. 
740 Washington Ave. No 
Filmore 5897 


Columbus, Ohio 
167 Woodcliff Drive 
Exeter 3924 





TECNIFAX 


CORPORATION 


“It’s easy to do business with Tecnifax!” 
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EMMERT PRECISION DRAFTING MACHINES 


Actually Pay 
for Themselves! 


COMPLETE BOARD 
COVERAGE 


NO OBSTRUCTIONS! 
NO BLIND SPOTS 












No piece of equipment can pay for itself as quickly as an Emmert 
Drafting Machine. 





Savings provided by Emmert come from complete board coverage, no 
obstructions or blind spots. Emmert takes the labor out of engineering, 
enables drawings with more precision than human accuracy (micromatic 
quadrant with a precision to within 1/5 the thickness of a pencil line), 
is simple and speedy! 


Exclusive track-typed design permits long parallel lines far beyond 
the extent of the scale to full dimension of the board, both horizontal 
and vertical. Current installations range up to 148 feet in length. 
Special adaptations for any board. 


Consult Emmert today. Prompt reply to your inquiry. 


Emmert Manufacturing Company 


Waynesboro 2, Pennsylvania 




















Mayline Drafting Room Furniture 


























ne = 
Zz To industry Mayline offers a complete line of 4- = 
— : 
> Post tables and accessory furniture and items. = 
= ae 
THe Model |OVA, shown, is one of eight models of All => New, Office-gray, Metal Plan Files. Exclusive ™ 
American Vibration Fatigue Testing Machines. The “10VA hinged dust cover. Ask your local dealer. 
g y 
produces vibration vertically in mple harmonic motion — 
55 cy per second on automatic control and re 7 
from 10 to 60 c.¢ n manual control. Table load capacity _ se 
0 Ibs. at 10g. Has 5 overload factor. Tests compon- as MAYUINE | 
assemblies, products exposes danger points — fore- outa 
alls u n the field. Simple to operate. Essential for —_— MAYLINE Co., INC. 
today's inspection, testing, research. Send for Bulletin 551. — formerly 
Manufacturers of All American Precision a ENGINEERING MFG. CO 
Die Filin Machines. 
<2 - erection = 605A No. Commerce St. 
47@ Co Sheboygan Wisconsin 
“7 : 
Tool & Manufacturing Co. 
8019 LAWNDALE AVENUE, SKOKIE, ILL. MAYLINE 
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XEROGRAPHY... The World’s Most Versatile Copying Process 


IN LESS THAN THREE MINUTES! 


x= o's 





XeroX Copying Equipment copies engineering draw- 
ings onto OFFSET PAPER MASTERS for run-off of multiple copies on offset duplicators. 


XeroX Copying Equipment copies engineering draw- 
ings onto TRANSLUCENT PAPER for making additional copies in diazo-type equipment. 


XeroX LGZEAZEGT Copying Equipment does either of the above 


XeroX LUAZAZZEZZT Copying Equipment REDUCES or ENLARGES... 


Copies Anything Written, Printed or Drawn, from ONE SIDE OR BOTH SIDES of originals. 


The new XeroX Lith-Master Camera No. 4 was de- 
veloped to meet the demand for a method of reducing 
large engineering drawings or other copy, from a 17” 
x 22” copyboard, on to an 82” x 13” XeroX plate by 
xerography. The camera also enlarges subjects up to 
150% of size to the limits of the 8 2x 13” XeroX plate. 

The image from the Xerox plate is transferred by 


xerography to an offset paper master for run off of mul- 


tiple copies on an offset duplicator. The image also may 
be transferred to translucent (engineering) paper for use 
as an intermediate in making extra copies by the diazo 
process. 

Xerography is a quick, dry, electrical process of copy- 
ing anything written, printed, typed or drawn. It's clean. 
It's economical. No chemicals, water or sensitized paper 
are required. 


*A trade mark of The Haloid Company 


WRITE for case histories showing how all types of com- 


panies are saving time and money with xerography. 


FOR ZERO? 


THE 


Chemicals * Photographic Papers 
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HALOID 
53-230 HALOID STREET 


Nerography Pioncers 


Rectigraph and Foto-Flo Photo-Copying Machines 
Negative Materials for the Graphic Arts 


XeroX products for xerography 


COMPANY 
ROCHESTER 3, N.Y. 


TOGRAPHIC p 
. ——— <o 


Photocopy Papers and 
















| construction; mechanical engineering; 

for high speed | electrical engineering; automotive; fer 
’ rous materials and metallurgy; non 

| ferrous materials and metallurgy; rub 


high accuracy | ber; chemical industry; textile industry 


| mining; wood industry; pulp and paper 
| industry; photography; office equip 
|ment and supplies; and miscellaneous 


Consolidated Engineering Corporation of 

Pasadena, California, is an American pioneer 

and present leader in the creation and 

manufacture of high speed, high accuracy 

analytical instruments for process and 

product evaluation. During 1953 Consolidated product 
introduced the new precision electronic 

analytical instruments shown below as 


groups. 
additions to its extensive line. 


evaluation... 


(M-10) LABORATORY EQUIP 


| MENT The Daven Co., Booklet, 28 


C “| 4 | pages. Completely detailed with illus 
onso ] ate nstrumentation | trations, descriptive copy, technical 
| data and diagrams on attenuation con 
model 21-610 Latest of six CEC Mass Spectrometers, tinuation networks, decade resistant 
the Model 21-610. combines extreme ac- | units and individual resistent units 
mass curacy and sensitivity with dependable | Volume level indicators, transmission 
spectrometer ay. to make possible high speed, | measuring apes a =o 
igh accuracy product evaluation and pro- | Meters, and output power meter 
cess control. Ideally suited to production a es 
line and plant uses, it is moderately priced | (M-11) INDUSTRIAL MAGNIFI 
and inexpensive to operate. Write for ERS ‘Bausch & Lomb Optical Co., 
Bulletins CEC-1824 and CEC-1302 Bulletin I-67, 24 pp. Entitled, ‘Indus 
trial Magnifiers—How to Choose and 
Use Them,” it outlines the optical 
principles of magnifiers, describes basic 





“ Newest of Consolidated’s five recording 

type J 119 oscillographs, the 5-119 was designed and 

recording built to customer specifications. Demands 
oscillograph 


types, and gives a magnifier selector 
chart and glossary. Contains more than 
50 photographs and diagrams, and 
gives specifications for the 75 magni 
fiers made for all uses 


of major oscillograph users were built into 
the 5-119 to provide the “perfect” dynamic 
testing instrument. Featuring extensive 
warning and test circuits, the 5-119 com- 
bines great capacity and accuracy with 
high speed and unusual insurance against 
data loss. Request Bulletin CEC-1536 





|(M-12) TESTING LAB Inland 
| Testing Laboratories, Booklet, 24 pp 
Describes and illustrates facilities that 
|include: climatic chamber; high and 
low temperature chambers; vibration 
test poe salt spray, and sand and 
dust tester. Also has equipment for 
tests on explosion; acceleration shock 


data ©EC’s Data Processing Systems save time in the 
. reduction of data accumulated through product or 
Processing process evaluation. Available for converting both 
systems dynamic and static test data and data from analyti- 
cal mass spectrometers, the Data Processing Sys- 
tems change analog values to digital (numerical ) 
form for automatic tabulation, cutting the time-lag 
between field or laboratory tests and tabulation of 

results in final, usable form 


high potential insulation 


(M-13) TESTING MACHINE A¢ 
CESSORIES Tinius Olsen Testing 
Machine Co., Catalog 46, 22 pp. Has 
detailed information on instrumenta 





ic > : y > ' > > ‘ . " 
transducers : ae system is no better than its trans- | tion tools and accessories. Points cov 
ducers .. . delicate sensing instruments that translate ered are: electronic recorders: electronic 


physical phenomena into analogous variations of electric 
voltage. Consolidated transducers are available for mea- 
suring pressure, and linear or torsional vibration. Made 
to high precision standards, they exhibit high accuracy 
and stability under the most adverse conditions. Where 
weight and space are critical, they provide operating 
characteristics fully comparable to larger instruments. | (M-14) MEASURING  SURFACI 
Send for Bulletin CEC-1503 FLATNESS—F. T. Griswold Mfg. Co 


> 


Catalog 20, four pages Describes and 


. * * ANALYTICAL ll at ‘ : stem I é ing 
Consolidated Engineering INSTRUMENTS pe se - reste of eos al 


strain instrumentations; mechanical ex 


° 


tensometers; tension, ompression 





transverse, shear, bend, and hardness 
tools: electronic load cells; and other 
devices. Has illustrations of each 





t 
CORPORATION FOR SCIENCE levels that utilize a beam of light as 
300 North Sierra Madre Villa, Pasadena 15, California i ae a straight line reference Shows how 
Sales and Service through €8€ INSTRUMENTS, INC., a subsidiary with offices in variations in surface flatness can be 
, ” ae located exactly and measured to an 
( hicago, Inols allas, Texas oii ) 
919 North Michigan Avenue 3200 Maple Avenue =" . plus-or ae Sarees 
WHITEHALL 3-2070 STERLING 5371—5372 ilong a three-foot segment 
New York City, New York Pasadena, California (M-15) FLOW METERS—Minne 
285 Madison Avenue 300 North Sierra Madre Villa : IR ines S 
MURRAY HILL 3-0860 SYCAMORE 2-7184 apolis-Honeywell Regulator Co 1 po 
Sheets 241-247, 20 pp. Covers electric 
Philadelphia, Pennsylvania Washington, D.C — PI “ ae 88g , 
101 North 33rd Street 711 Fourteenth, N.W evenly graduated flow meter bodies and 
EVERGREEN 2-1529 REPUBLIC 7-3697 mechanical evenly graduated flow me 
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it’s VERSATILITY that sells if 
SANBORN in the field of | 
Industrial Recording | 





DC PREAMPLIFIER 





As indicated by references AC PREAMPLIFIER 
at the right, you may 


have a choice of five 





different instruments (A) 
: ' DC CONVERTER — for low level DC record- 
for quick and convenient \ ing such as thermocouple output. 
standard rack mounting 


in the system at A; , 





PLUS a choice of up to four 
as ae TRIPLEXER — when coupled to a DC ampli- 
fier permits the recording of three events 
in one channel, 


of any of the three 
different type amplifiers (B) 

or any combination 

of these amplifiers 





THRESHOLD MONITOR provides means 
for the control of voltage levels or rate of 
change. 


a 
// 

/ 

\ 

f\ 


} DC (General Purpose) AMPLIFIER 


with the 


SANBORN 


FOUR-CHANNEL 


OSCILLOGRAPH 
RECORDING 
SYSTEM 


(MODEL 67) 





— 





SERVO MONITOR AMPLIFIER—a phase 
discriminating AC amplifier used in servo 
s shown in the diagram, removing or interchanging any of the am- design and testing. 
A plifiers or other instruments is simply a matter of sliding the unit in 
or out of the mounting rack where contact is made automatically by 





plug-in connectors. Screws at the four corners of the panel hold the 


instrument in place. SANBORN 

Other features of this system which add to Sanborn VERSATILITY 
are the choice of eight paper speeds — 50, 25, 10, 5, 2.5, 1.0, 0.5 and 0.25 1-, AND 2-CHANNEL 
mm/sec, and the use of either 4-, 2-, or 1-channel recording paper RECORDING 

And, of course there are these popular Sanborn advantages: a high SYSTEMS 


torque movement (200,000 dyne cms per cm deflection), direct inkless 





recording in true rectangular coordinates, and provision for code and 






ow 
| 


‘ 


time markings. 


Sanborn Recording Systems may be used to record any one or more 
; One channel! Model 


128/141 above and two- 


channel! Model 60 at 


of a wide variety of phenomena whose characteristics range from static 
to 100 cycles per second. If your record- 
ing problem is not one which can be 

solved by standard Sanborn equipment, 
. . Sanborn recording 

our engineers will be glad to suggest 
° , - , advantages which in- 

ways in which modifications of it may 


clude interchangeability 
MPANY of amplifiers and (with 
Model 60) preamplifiers. 


CAMBRIDGE 39, MASS. 





right both incorporate 


suit your requirements. 








A complete catalog of Sanborn Indus- 
trial Recording Equipment will be sent 
gladly on your request. 
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DESTRUCTIVE OLD AGE 


© 


ot 


By the time you discover old age has attacked your 
important drawings — it's too late. By then, the damage has 
been done. The time to effectively block old age is NOW — 
while tomorrow’s drawings are still in the preparatory stage. 

The way to do it? Specify Arkwright Tracing Cloth. Arkwright 
checks the destructive effects of old age. Arkwright won't fray 
at the edges, turn brittle or opaque. You are assured perfect 
transparency, regardless of age. 

There are other reasons why it pays to work with Arkwright. 
This superior tracing cloth can “take” all the 
erasing you're likely to give it in a month of 
Sundays — and still provide sharp, 
clear lines. You need never worry 
about “feathering” or “blobbing” or 
imperfect blueprints. 

So insist on quality. You'll get it 
with Arkwright ... America’s Standard 
for over 32 years. Arkwright 
Finishing Co., Industrial Trust Bldg., 
Providence, R. I. 


ARKWRIGHT 


AMERICA’S STANDARD 


A3s 








ters; square root flow meters, and 
liquid level meters. Includes many 
illustrations, plus construction and 
engineering details. 


(M-16) AIR RECOVERY CELLS 
W. B. Conner Engineering Corp., Bul 
letin 117-C, 16 pp. Contains illustra 
tions and description of activated car- 
bon air recovery or purification cells 
Includes data on the new T-42 C cell 
recommended for odor removal appli- 
cations other than those found in ordi 
nary comfort conditioning. 


(M-17) GOVERNMENT SPECIFI- 
CATIONS—E. F. Houghton & Co 
Bulletin 2-27-E, 16 pp. Products meet 
ing various specifications are listed 
under the following classifications; rust 
preventatives; lubricants; cutting oils; 
metal working aids, and leather and 
synthetic rubber products. 


(M-18) DIRECT WRITING RE 
CORDERS—The Sanborn Co. Book 
let 23M, 16 pp. Entitled “7 Advan- 
tages of Direct-Writing Recorders for 
Industrial Users,” it illustrates and 
describes a line of equipment for the 
study and recording of a variety of 
electrical and mechanical phenomena 


(M-19) MECHANICAL DEVELOP- 
MENT APPARATUS—Servomecha- 
nisms, Inc., Booklet MDA-200, 16 pp 















PRECISION OPTICAL 
INSTRUMENTS 


Prompt delivery on Process and 
Laboratory Test Equipment 
made by O.P.L., leading French 
manufacturer of industrial and 
medical equipment, cameras, 
etc. 


—Continuous, direct reading 
refractometer 


—Laboratory, Abbé type, and 
Portable (Field) Refractometers 
—Universal Microscope (Metal- 
lographers) with microphoto 
attachment 
interferential eyepiece 


Consult us on Special Optical Problems 
for all applications 


Full information avcilable from 
E. J. VAN DER LEUR 
60 Beaver St., New York 4 


In Canada: "B.O.?." 445 Craig St., W.. 
Montreal P.9. 








Product Engineering — 1954 Annual Handbook 

















Describes a line of precision compo- 
nents for rapid and economical bread- 
board and semi-permanent assembly 
of control systems instrumentation and 
analog computers. Completely illus 
trated, it features the line of new com- 
ponents. 


(M-20) PROGRESSIVE MECHANI. 
ZATION—General Electric, Bulletin 
GEA-5789, 16 pp. With documented 
examples, it presents the stages of 
mechanization, from the replacement 





of hand operations up through the | 


automatic continuous-process systems. 


(M-21) PHOTOCOPYING DE- | 


VICE—American Photocopy Equip- 
ment Co., Booklet, 12 pp. With 
illustrations showing the operation, 
the principle of automatic developing 
and fixing is described. Measuring 21 
in. long by 8 in. wide and 5 in. high, 
the unit produces a copy in less than 
30 sec., and requires no dark room 


(M-22) MANOMETERS—King En- 
gineering Corp. Bulletin 313, 12 pp 
Includes basic facts and definitions on 
pressure measurements; explains how 
types of manometers operate and what 
they measure; and detailed information 
on installation, operation and mainte- 
nance. English and metric tables of 
equivalents given for various indicating 
liquids 


(M-23) ANALOG COMPUTER 

Computer Corp. of America, Catalog, 
12 pp. Complete with a full producer 
description of the Integro-Differential 
Analyzer, the catalog discusses the gen 
eral theory of analog computers, and 
describes the method of setting up 
problems for solution. Has several 
pages of typical examples in various 
fields of dynamics. Also describes the 
Function Simulator which makes pos 
sible the addition of backlash, dead 


zone, and limit stops to computers 


(M-24) INSTRUMENTATION 
Baird Associates, Inc., Vol. 3, No. 1, 
1952, 12 pp. Called ‘Better Analysis” 
this publication deals with the theory 
and practice of instrumentation. This 
issue Covers emission spectroscopy and 
describes several applications. Contains 
many photographs 


(M-25) SCIENTIFIC INSTRU 
MENTS—F. W. Dwyer Mfg. Co., 
Bulletin MA-VB-25M, 12 pp. Illustra 
tions and specifications on gages such 
as: flex tube manometers, magnehelic 
gages, other gages for measuring static 
and differential pressures, and veloci 
ties. Also covers pressure switches, pre 
cision flowmeters, and air filter gages 


(M-26) OPTICAL GAGING—East- 


man Kodak Co., Booklet F1-68, 1: pp 


f 






ACCURATE 





Model 3700C 


PRESSURE RESEARCH 
VELOCITY MEASUREMENT 
DISPLACEMENT MEASUREMENT 


STRUCTURAL MEASUREMENT 





STABILIZED 


Pressuregraph 


Measures and records pressure time studies of 
dynamic or transient pressure phenomena. Drift 
and temperature stabilized. Up to 200’ of pick-up 
cable can be used. Range: .5 to over 5,000 PSI 
Frequency response: | to 20,000 CPS. 

Applications: Engine cylinder pressure studies. 
Engine analysis for servicing. Carburetor develop 
ment. Fuel research. Hydraulic valve lifts. Injector 
pressure studies. Oil pump development. Explo 
sions in power transformers. 








Model 3010-A 


Magnetic Pickup 


Converts mechanical motion to electrical energy 
Generates up to 23 volts without contact. Output is 
proportional to the rate of speed of metal object 
being measured. Self-energized by built-in magnet. 
Actuated by any magnetic material on a moving 
part. Small, compact and rugged. Low cost permits 
its use in production machinery. 


Applications: Controls electrical devices. Indi- 
cates rate of mo'tion (angular or linear), RPM. 
Used for measuring torque strain; for precision 
ignition timing and acceleration. Vibration and 
velocity studies; ballistic research. Serves as 
tachometer when used with voltmeter 











a wad 3600-A 


Fiffaday Dynamic Micrometer 


Measures and records dynamic or static displace 
ment, vibration or movement of any metal body 
without contact, down to .0001 inch. Measures 
eccentricity, axial vibration, radial whip, bearing 
clearance, radial expansion with acceleration and 
reciprocating movement 


Applications: Vibration in motors. Valve travel, 
bounce. Eccentricity of commutators, slip rings 
Travel, bounce of relay contacts. Shaft whip. Whip 
of pulleys, wheels, gears 








California, Los Angeles 
Horold A. Kittleson 


Canada, Toronto 


Model 4/00 


FALE Sonometer 


Measures Young's modulus of elasticity by means 
of sound vibrations to determine resonant fre 
quency of any solid material for structural char 
acteristics 

Pick-up at end of object, converts vibration from 
driver at other end into electrical energy, as oscil 
lator is tuned to proper frequency, meter shows 
point of resonance 

Applications: Metal, Carbon Electrodes, Alumi 
num, Wood, Castings, Concrete 


Write for FREE Detailed Bulletins! 


ELECTRO PRODUCTS LABORATORIES, 4501-PDc WN. Rovenswood Ave Chicogo 40, til 


See Your nearest EPL Sales Engineer 


Atlas Radio Corp., Lid 


Florida, Fort Myers 


Arthur Lynch 
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Massachusetts, Winthrop 
Clayton Nickerson 
Missouri, St. Louis 
Horris-Honson 
New Jersey, Roseland 
wiler-Knoop Co 
Washington, Seattle 


New York, Rochester 
Ed. Ossmann 
North Caroline, High Point 
Bivins & Caldwell 


Texas, Dollas 
John A. Green Co 


Ron Merritt 
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GOOD 


Let your drawing board provide the 
convincing answer in a practical test of 
Holliston’s Pel-X and Micro-Weave Tracing 
Cloths 


Why not turn to your advantage a 
quality of tracing cloth that not only 
equals all others in normal workability 


< " but in many particulars is definitely 


-Y¥ “better.” 


WATER REPELL EMT 

> t . : : 

*4eing A The ultimate test is your own drawing 
board. You can prove to yourself, as 


have so many draftsmen all over the 


Micro Weave \ country, that Holliston MICRO-WEAVE 


\faaeme caer’ / in white or blue for ink or pencil— 
Neem” and Holliston PEL-X—-water repellent 
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finish— are rated as the “BEST.” 


Write for generous samples—today! 


THE HOLLISTON MILLS, INC. 


NORWOOD, MASS. 
NEW YORK.¢e PHILADELPHIA @e CHICAGO 


To Ww YU - a \ ; 4 1 
Micro-Weave and Pel-X are backed by Holliston’s 50 years of leadership 
and experience in developing special cloths for industry 





Describes new methods of optical gag 
ing to cut inspection and tool-room 
costs. Illustrates the uses of special 
fixtures and charts to inspect to close 
tolerances large parts, complex shapes, 
and blend holes and recesses using 
contour projection. Schematic drawings 
show how instruments operate 


(M-27) LEVEL CONTROL—Field 
en Instrument Div. Bulletin F-101, 8 
pp. An electronic level control with 
no moving parts or diaphragms is de 
scribed, listing the applications and the 
various types of electrodes available 
Has complete specifications and instal 
lation data 


(M-28) SIGNALING TEMPERA 
TURE CONTROLS—tThermo Electric 
Co., Inc., Booklet 55, 8 pp. Gives the 
advantages of electronic control sys 
tems with resistant bulbs, and discusses 
accuracy, responsiveness and sensitivity, 
operation information, and mainte 
nance. The wiring diagram explains 
the operating principles, and a sche 
matic diagram shows duplex control 
of heating and cooling temperatures 
Illustrations show different types of 


bulbs 


(M-29) TEMPERATURE REGULA 
TORS—Farris Stacon Corp., Bulletin 
ST162, 8 pp 
tional views and complete specifications 
and data on a line of self-operating 
temperature regulators. Also informa 


Illustrations, cross-sec 


tion on how to select regulators for 
steam: gases: liquids; and vapors 


(M-30) MEASURING FLATNESS 

Crane Packing Co., Bulletin L-404 
6 pp. In color, it illustrates and di 
scribes the measuring of surface flat 
ness through light band reading. Inter 
pretation of these readings is explained 
in detail. Also has particulars on a line 
of precision measuring and lapping 


quipme nt 


(M-31) DIRECT WRITING RI 
CORDING SYSTEMS—Sanborn Co 
Brooklyn, 6 pp Includes a chart of 
the various phenomena that can be 
recorded with direct writing recorders, 
together with transducer data and ex 
umples. Also has complete performance 
lata and specifications. Has illustra 
tions and wire diagrams of one, two 


ind four channel systems 


(M-32) DESK CALCULATOR 
Pangborn Corp. Folder, 6 pp. Presents 


in easy to use form formulas, constants 
and conversion factors useful in basic 
engineering, blast cleaning, and dust 


1 are geo 


ontrol calculations. Include 
metric relationships for circles, squares, 
cylinders, spheres, pyram ds, measures 
deter 


of pressure, and guides for mit 


ing tank apacities 
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HERE’S HELP 





for your engineer-recruitment problem 


Engineers’ Joint Council and The Advertising 
Council offer free, expert help to advertisers 
promoting engineering as a career. 


The booklet reproduced here was prepared by The Adver- 
tising Council in cooperation with the Engineers’ Joint 
Council to help you make your advertising work most 
effectively in recruiting engineers for the future 
1. It tells you what the problem is and the impor 
tant part you can play in solving it. 


2. It outlines the advantages of an engineering ca- 
reer to help your company develop advertising 
appeals 

3. It informs you as to the current activities of in- 
dustry in the education and recruitment of en- 
gineers 

4. It offers specific suggestions as to what you can 
do (from present manpower 


5. It provides material that you can use in your 
own local and national programs 
Many advertisers are using this booklet today. They say 
that it helps in orienting their engineer-recruitment ad- 
vertising to industry-wide recruitment programs. 
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Send for this Free campaign guide 
Prepared by 
THE ADVERTISING COUNCIL 
for the 
ENGINEERS’ JOINT COUNCIL 


JUST MAIL THIS COUPON! 





The Advertising Council, Inc. 
25 West 45 Street 
New York 36, New York 


Gentlemen Please send me a free copy ol 
How your company can help promote engineering 
as a career 


NAME 

POSITION OR TITLE 
COMPANY 
ADDRESS 


Be ee es ee ee ee ee ee ce ell 


As!) 
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Hydrometallurgy of Base Metals by 
G. D. Van Arsdale, Editor-in-Chief. 
Prepared with the assistance of the 
Dorr Company staff. 370 pages 6 x 
9 in. Published by McGraw-Hill 
Book Co., 330 W, 42 St., New York 
36, N. Y. $9.50. 


How to recover base metals by leach 
ing is fully and practically shown in 
this book, with dependable facts from 
the wide experience of the editor and 
a group of specialists. With special 
reference to copper, it gives much 
helpful technical and economic infor- 
mation on the hydrametallurgy of cop- 
per, lead, zinc, antimony, cadmium, va- 
nadium, uranium and radium. Process 
and plants are also described, and 
Operating data is included from the 
field 


Analysis of Aluminum Alloys by G. 
H. Osborne and W. Stores. 144 pp., 
6 x 9 in. Published by the Chemical 
Publishing Co., Inc., 212 Fifth Ave., 
New York 10, N. Y. $3.50. 


his is a survey of analytical meth- 
ods for determining the chemical com- 
position of aluminum alloys. Many of 
these are new, others are modified ver 


sions of known methods, and a few 
ire € stablished standards Methods 
range from those requiring modern 


physiochemical instruments, such as 

polarograph and photometer, to those 

which may be carried out with the 
ormal equipment available in the gen- 
il chemical laboratory. 


Fatigue and Fracture of Metals—A 
Symposium. Edited by William M. 
Murray, 314 pp, 6 x 9 in. Published 
by the Technology Press, M. I. T. 
and John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N. Y. 
$6. 


This book is a compilation of four 
teen papers on the subjects of fatigue 
and fracture of metals, presented in 
June 1950 at the Massachusetts Insti- 
tute of Technology. These papers were 
prepared by specialists in different 
fields of fatigue and fracture and cover 
the following aspects: general expe 
rience with failure of metals; specific 
fields in which fatigue failure occurs 
the internal mechanisms probably in 
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volved in fatigue damage; the signifi 
cance of various metallurgical phenom 
ena to fatigue; the potential useful 
ness of different research methods to 
disclose more about the mechanism it 
self and ways of counteracting it in 
design; the direction of future re 
search as recommended by the con 


tributors of the papers. 


Metallurgical Engineering Volume 
I—Engineering Principles by Rein- 
hardt Schubmann, Jr., Massachu- 
setts Institute of Technology, 7V2 
x 10, 390 pp. Published by Addison- 
Wesley Press, Inc., Cambridge, 
Mass. $7.50. 


The first volume of a two-volume 
work deals with chemical metallurgy 
in terms of basic scientific and engi- 
neering principles. 

Three objectives in particular are 
sought in the book: first, to present 
the subject matter of metallurgical en 
gineering organized according to the 
basic principles and unit processes 
rather than in accordance with metals 
treated; second, to integrate the im 
portant underlying science of physical 
chemistry with metallurgical engineer- 
ing; third, to place greater emphasis 
on analysis and quantitative solution of 
engineering problems, with lesser em 
phasis on descriptive knowledge of 
current practices. 


Physical Chemistry of Metals by L. 
S. Darken and R. W. Gurry, Re- 
search Laboratory, U. S. Steel Corp., 
6 x 9 in. 535 pp. Published by Mce- 
Graw-Hill Book Co., 330 W. 42nd 
St., New York 36, N. Y. $8.50. 


This book represents the fundamen 
tal aspects of physical chemistry, and 
the metallurgy of related substances to 
metallurgists with a minimum know] 
edge of general physical chemistry, ar 
to chemists with a minimum know! 
edge of metals. 

The first section is devoted mainly 
to descriptions of the solid and liquid 
states of alloys and metals from the 
viewpoint of the chemist rather tha: 
that of the solid-state physicist. The 
second section, developed from first 
principles, deals with classical chemi 
cal thermodynamics and the third law 


Product 


Metallurgy For Engineers by John 
Wulff, Howard F. Taylor and Amos 
J. Shaler, Dept. of Metallurgy, 
Massachusetts Institute of T echnol- 
ogy. 624 pp., 6 x 9 in. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. $6.75. 


The first half of the book explains 
the concepts and agg so that under- 
lie metal processing from ingots to 
finished articles. The second half of 
the book deals with the processes them- 
selves. Throughout, the authors write 
from the engineering rather than the 
shop viewpoint 

Only those principles are included 
that are required for understanding the 
processing of metals into useful articles 
by casting, welding, or working 


ASTM Standards on Light Metals 
and Alloys. 205 pp. 6 x 9 im. Pub- 
lished by the American Society for 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa. $3. 


This special compilation of ASTM 
Standards on Light Metals and Al 
loys, gives the numerous specifications 
and tests issued through March 1953 
In addition to the recommended codi 
fication there are groups of specifica 
tions for aluminum and aluminum bas 
ingots, castings, bars, rods, wire, forg 
ings, pipe and tubes, sheet and plate 

There are seven general test meth 
ods covering these light alloys, which 
include dielectric strength, weight of 
coating, measuring of thickness, ten 
sion testing, and sampling 


Metal Data by S. L. Hoyt, Technical 
Advisor, Battelle Memorial Instt- 
tute, 526 pp. 6 x 9 in. Published by 
Rheinhold Publishing Co., 330 W. 
{2 St., New York 36, N. Y. $10. 


This 


to its 


in form 
essor, not includes 
information available, 


second edition, similar 


prede only 


the ment recent 
but offers a wealth of new data on such 
topics as hardenability of H-Steels, th 
recently developed Super Alloys fo: 
high-temperature stress members, and 


other new alloys. 


The purpose of the book has been 
! ; 
to select important data from reliable 
sources, and present them to metallur 
gists and engineers in a form usabl 
for daily reference 
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B METALS AND ALLOYS 


Try Aluminum Honeycomb 
Sandwich Structures... 


... when light weight, high strength, and high rigidity are required in panel con- 


structions. Developed several years ago by The Glenn L. Martin Company and 


now in quantity production for aircraft and guided missile applications, alu- 


minum honeycomb—aluminum facing sandwiches possess advantages that make 


them adaptable in many other fields. Here are construction and property data. 


COMPARED to fabric core honeycomb 
structures, aluminum foil has several 
advantages. Its high specific strength 
values in shear and compression, ex- 
tremely high shearing modulus, re- 
sistance to and fungus 
growth, high strength under various 
operational conditions such as extremes 
in temperature and humidity, and its 
availability in a range of densities make 
it adaptable to efficient design for many 
applications. 

Except in some constructions such as 
specialized low density cores, its com 


corrosion 


pressive strength is higher than either 
foamed plastic structures or fabric core 
honeycomb, and its uniformity can be 
more rigidly controlled than most 
foams. In addition, reinforcements can 
be added in the form of strips through 
the center of the core to improve 
strength in localized sections 

A structural aluminum sandwich 
onsists of two high strength thin fac 


ing sheets separated by a low density 
aluminum foil core. The core and 
facing are bonded with heat and pres- 
sure into an integral panel using a 
thermosetting synthetic resin adhesive 
preferably of the dry film type 

The core can be obtained with 1%, 
and 34 in. hexagon cells, and experi 
mentally, with 14, ¥g, and 3%, in. cells 
The greater the cell density, of course, 
the higher the strength; conversely, the 
lower the density, the more economical 


is the construction. With the larger 
cell sizes, the bond strength suffers 
somewhat but, using a dry film ad- 


hesive, is sufficiently strong for many 
of the aircraft applications such as 
panels and nonloaded bulkheads 

Foil is fabricated of 3-S aluminum 
in the H-18 or H-19 condition and 
must meet minimum strength require 
ments of 19,000 psi. Thicknesses range 
trom 0.001 to 0.006 1n 10 percent 


with heavier gages, there is some danger 


of springback and nonuniform bond 
ing when the foil is formed. 
Aluminum—either 24S-T3 or 75S- 
T6—is preferred for facing material 
because of its high strength and light 
weight. The thickness varies from 0.012 
to 0.125 in., although light gages 
(0.016, 0.020, 0.025, and 0.032 in.) 
are more common in aircraft applica 
tions. The heavier gage frequently is 
used on the compression side of panels 
with high bending moments. Floor 
panels in all cases should have heavier 
gage facings on the walking side, with 
a minimum sheet thickness of 0.020 in 
for covered or light panels and from 
to 0.064 in. for heavy 
conditions on exposed surfaces. Bottom 


0.032 servict 
facings are 0.016 in. for average servic 
conditions 

Magnesium facing is not as durable 
as aluminum facing and will not ab 
sorb concentrated load shocks as well 
It is not ft nded for flooring as 


myn 
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Fig 1—Effect of core density on crushing strength (A) and shear strength (B) of alaminum honeycomb 
cores. Curves are minimum requirements as specified in Aireraft Industries Asse Report ARTC-5. 
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Table 1—Nominal Densities and Properties of Aluminum Honeycomb Cores 
| 
Nominal Core Density* Mechanical Properties 
Nominal , 
Foil , 
Thickness, Shear Strength, psi Modulus of Rigidity, psi 
in Lb ‘cu. ft Lb ‘cu. in Crushing a ee : 
—- Parallel Perpendicular Parallel Perpendicular 
P to Core to Core to Core to Core 
0.002 2.98 0.00172 Curves for these values are repro- 24,000 9,500 
0.003 4.18 0.00242 duced below. Values are minimum 35,000 15,000 
0.004 5.36 0.00310 not recommended design values 95,000 25,000 
0.005 6.54 0.00378 and while proposed, have not yet 70,000 23,000 
0.006 7.7 0.00448 been accepted as industry standards. 93,000 23,000 
* Due to variations encountered during manufacturing, weight may vary by +6.0 percent 








it is easily damaged, but it may be used 
for partitions and panels which are 
lightly loaded. 

Plywood facings are not generally 
satisfactory for stressed panels, but 
stainless steel has been used for such 
applications, and also for facings on 
propellar blades. In only rare instances 
would facings other than metal be 
used with aluminum cores, since the 
function of the facing is to provide 
stiffness, stability, configuration and 
strength to the sandwich, and in some 
cases, surface smoothness or abrasion 
However, phenolic cloth 
laminates or glass fiber laminates are 
satisfactory with aluminum honeycomb 
wherever a non-metallic surface is re 
quired for abrasion resistance or elec 
trical insulation. In any case, since the 
strength of the structure depends con 
siderably on the face, these facing 
sheets must be free from wrinkles, 
dents and other surface defects to pre 
vent premature failure 

The ratio of core to panel thickness 
varies with functional requirements 
Where rigidity is of primary importance 
the ratio of thickness of core to thick- 
ness of panel is generally about 0.95 
Panels that carry bending stresses pri- 
marily, such as floor panels, can be de 
signed with the compression or top side 
of a heavier gage than the tension or 
bottom side. This ratio of top to bot 
tom facing should not exceed 2 to 1 

Facings of different materials should 
not be used on a sandwich panel that 
is bonded with heat, as the different 
rates of thermal expansion will cause 
the panel to warp upon cooling 


resistance 


Properties of Panels 


Mechanical properties of aluminum 
honeycomb structures are governed by 
several variables: gage of the foil, cell 
size, and gage and type of facing ma 
terial, among others. However, since 
strength varies directly with core den 
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sity, this factor is used in preliminary 
calculations aimed at establishing core 
specifications. From Table I, nominal 
core density can be obtained for various 
thicknesses of foil. These can be re- 
lated to properties as shown in the 
table and in Fig. 1, as well. 

As will be noted from the curves, 
the core has directional properties. Both 
the shear strength and _ shearing 
modulus are higher—approximately 1.8 
times—with the core direction parallel 
to the panel than across it. This results 
in lower shear deflection and higher 
strength, the opposite of which would 
prevail with the core direction perpen 
dicular to the span 

Higher compressive strengths can be 
obtained by densifying the core or by 
cell reinforcement. The first method, 
which is often used at the edge of 
panels to resist edge damage, consists 
of crushing the cells into a compact, 
solid mass 

The second method consists of run- 
ning a reinforcing strip through the 
center of the core, Fig 2. By this means, 
an increase of about 100 percent in 
compressive strength is obtained par- 
allel to the cell axis. An irregular pat- 
tern is often specified for such rein- 
forcements in order to obtain a better 
distribution of applied stress. The rein- 
forcement is a strip of foil of a heavier 
gage or the same gage as the core, and 
is made of the same material. Most 
prevalent use of this type of reinforce- 
ment in aircraft is in floor panels where 
they pass over supports, or in the lead- 
ing edge section of a wing where the 
molding pressure would not be parallel 
to the cell axis and thus tend to crush 
the core from the side unless it were 
specifically reinforced to prevent such 
an occurrence 


Design Considerations 


Panels can be bonded of single or 
double curvature with formed alu 
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minum foil cores of constant or tapered 
thickness. The facings are pre formed 
to contour and the core formed by 
hand to the contour of the facings. The 
panel is then bonded. Examples of this 
type panel are wing covers and blankets, 
stabilizers and fin blankets, leading 
edge assemblies, and various types of 
fuselage panel. 

Panels of any desired length or width 
can be made by splicing the core. When 
the splice is perpendicular to the core 
direction, one method is to nestle the 
crests of one slice of the core into the 
valleys of another. Longitudinal joints 
are made by interlocking the edges of 
core sections. Each lamination must be 
overlapped to provide core continuity, 
but the location and nature of core 
splices usually need not be indicated on 
a drawing unless they are structurally 
critical. If critical, they should be out- 
lined and a note added so that ample 
strength is provided throughout the af 
fected area. 

In attaching sandwich panels to the 
framework of aircraft or to similar 
parts, facilities must be provided for 
transferring the stresses concentrated 
at these attachments. In most structural 
applications, local reinforcements are 
incorporated during fabrication. On 
lightly stressed parts, however, sub- 
sequently inserted reinforcements are 
satisfactory 


Ed gings—Panel edging is used between 
the panel faces for appearance, protec- 
tion of the core from moisture and 
foreign matter, protection during han 
dling, and to provide a means of in- 
stallation. When edge reinforcements 
extend all around the panel, they 
should be provided with vent holes for 
the escape of gases during bonding 
These vents should later be filled with 
plastic wood or sealing compound EC 
801, made by Minnesota Mining and 
Manufacturing Company. This same 
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sealing compound is used when no edge 
reinforcement is necessary or when the 
core is densified around the edges. 
Aluminum edgings in the form of 
bent-up channels, extrusions, or solid 
bars, Table II, are the most satisfactory 
for aluminum faced panels. Wood is 
somewhat less satisfactory than metal 
because of its different expansion rates 
under heat. After bonding, a stress is 
set-up in the metal facing due to the 
inability of the wood to contract upon 
cooling. This sometimes causes buck- 
ling or wrinkling in panels having long 
and/or discontinuous edging. The 
wood that produces the least stress is 





end-grain mahogany. Plywood, with 
plies normal to the metal facings, is 
also satisfactory; poplar plywood is 
preferred because it is lighter and 
cheaper than the mahogany type. 

Flat panels with contoured edgings 
present special problems when plywood 
is used with the plies perpendicular to 
the facing. It is possible that on long, 
narrow edgings with a large amount of 
contour, the plies will eventually line 
up across the width of the edging in- 
stead of lengthwise. This gives rise to 
excessive breakage of edging strips 
during fabrication of the panel. There- 
fore, on long contoured edgings, it is 
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advisable to make them up of several 
pieces, none of which has an angle 
greater than 30 deg between the plies 
and a tangent to the contour. On draw 
ings, a note, that all the wood edging 
in contact should be glued together in 
sub-assembly or notched and stapled 
together prior to bonding. 

Phenolic edging is heavier and more 
costly than wood. However its thermal 
expansion rate is closer to that of alu- 
minum and thus less stress is produced 
in the facings when bonded to metal 
High compressive strength makes it a 
satisfactory edging for attachment pur 
poses. 

The use of densified core for edgings 
increases the resistance of the panel to 
local crushing such as encountered in a 
floor panel over its supports. It is not 
satisfactory, however, for use in making 
attachments unless washers or backing 
strips are provided to distribute high 
local crushing forces. The edging is 
either a separate piece of core densified 
and laid in the core blanket, or the core 
itself can be made oversize and densi- 
fied along its edge during fabrication 
Densified core which follows a contour 
or forms a ring around a hole must be 
a separate part. 

Formed edging thus can be made by 
crushing the edge of the sandwich 
panel or by forming one or both facing 
sheets along the edge of the panel. The 
advantage of the first method is that 


















































Table I11l—Tolerances for Sandwich Panels of 
fig 3—Recommended direction of cores for honeycomb panels. Aluminum Core 
hear strength is approximately twice as high when loading is ; 
arallel to the cell axis, and even greater in the side direction. Type of Part Tolerance, 
in, 
<peiama ! 
+0.010 
Nominal Core Thickness —0.000 
S , « SE OTN 
g | | Core direction Wood +0.005 
| ¥ —_ 
| Extrusions—Channels and Zees +0.010 
Y 7 +0.000 
| Drawn Tubing —0.008 
f Aluminum Bar, Phenolic Inerts, +0.000 
Edgings | Molding Stops — 0.004 
Recommended and +0.000 
Inserts Bent-up Channel— Interior —0.016 
+-0.016 
} + Bent-up Channel—Exterior —0.000 
iy f 
Ry / Bent-up Zee or Formed Facing +0.016 
Vly &/$ : +0.000 
) | o/s | GLM 21-S Insert Length —0.010 
| /s Overall 
Y Panel Press Molded Panels— +0.010 
Thickness 
Undesirable Bag Molded Panels Max-—-Waviness 
in 3 ft. Equal to Facing Thickness 














Product Engineering — 1954 Annual Handbook 

















standard panels can be used, detail 
fabrication and special tooling is elim- 
inated, and a substantial reduction in 
cost is realized. On the other hand, 
panels with formed facings provide 
good resistance to damage by peeling; 
Type C, Table II, has a special advant- 
age in that it does not require the use 
of locating jigs during the bonding 
operation 


Inserts—Inserts may be in the form 
of strips or local reinforcements under 
individual bolt or rivet fittings. 

A standard metal insert used by Mar- 


tin, (Table I1) is available either with 
a solid shank or drilled and counter- 
sunk; plain inserts may be drilled and 
tapped on assembly. Wood inserts may 
be of the same type as wood edgings. 
However, small solid end grain plugs 
of low density woods—such as poplar 
or spruce—can be used. Small inserts 
of plywood (10 sq. in. or less) may be 
set in with plies parallel to the facings 
since relatively short length prevents 
an excessive build-up of facing stresses 
during cooling. Inserts of mahogany 
having the grain of the wood parellel to 
the panel faces may be used if the in- 





sert does not exceed approximately 10 
in. across the grain and 5 in. with the 
grain. 

In view of their high compressive 
strength, phenolic laminates are also 
satisfactory as inserts for bolted and 
riveted attachments. Laminates should 
be placed parallel to the facings, and 
the material should be specified as 
laminated phenolic sheet, Grade C, 
Type FBM in military specification 
MIL-P-15035. 

Metal and phenolic inserts provide 
the best resistance to crushing when 
used with bolted attachments. Careful 


Table I—Design Details for Aluminum Honeycomb Structures 
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(E) Formed edging. Anotner method of forming 
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analysis of loads should be made for 
bolting through wood inserts. 

Due to methods of upsetting their 
heads which cause local crushing action, 
regular and Cherry Blind Rivets can- 
not be used to rivet through a panel 
unless a solid metal or phenolic Bw 
is present. Riveting through wood edg- 
ing is marginal and requires care for 
satisfactory results. Through explosive 
type rivets can be used with honeycomb 
cores. Cherry type rivets can be used 
where densified core is present and 
facings are relatively heavy, i.e., 0.040 
to 0.064 inch. Blind rivets also can be 


used to rivet through one facing. Ex 
plosive types are satisfactory when rivet 
ing a facing sheet to a channel or tube 
edging, or as noted above, for riveting 
through the entire panel; they should 
not be used, however, for riveting 
through a facing sheet into a core, as 
the explosive charge will damage and 
weaken the honeycomb 


Doublers—Doublers are used for de 
veloping the strength of the panel at 
the attachments and to increase 
panel strength locally 

Spotwelded doublers should be on 


also 
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the outside of the sandwich panel. With 
the spotwelded doubler on the inside 
a portion of unsupported panel facing 
between the doubler edge and first row 
of spotwelds results, causing local 
failures in the facings. 

Where a flush panel surface is neces 
sary, a bonded type doubler must be 
used between the facing and core 

These and other construction details 
are illustrated in the sketches below 
Note also the reinforcement details 
around riveted joints; use of an outside 
doubler in this instance simplifies as 
sembly to a considerable degre 


| 4 


plice plate | 
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From METAL PROGRESS* 





Designers’ Introduction 


to Zirconium 


First available information describing the physical and mechanical properties 


of this titanium-like metal. Alloying tendencies and applications. 


transition element 
whose atomic structure is characterized 
by an incomplete inner shell of elec 
trons. That makes the element exceed 
ingly active chemically, and complicates 
any discussion of its properties. Both 


Zirconium is a 


physical and mechanical properties de 
pend to a large degree on the per 
ntage that 


permitted 


and type of impurities 
nain after refining or are 
) er ic mM tal 

Most discrepancies in the published 
lata by failure to report 
oxygen and nitrogen analyses of the 


metal. Its 


are caused 


hardness and 


strength in 
rease with oxygen content and this is 
‘ wa / par * ’ art ir ml fue 
af presented at a sen th imerican 
Sock ° Metal: end vehriated ia Metal Prove 
E. T., and Stepbens, W. W., "The 
, 1D 1 ( srison Zircon 
Kn A ial Metal 


reflected in the properties of zirconium 
produced by different methods (Table 
1). For example, iodide zirconium has 
the lowest strength, calcium-reduced 
zirconium the highest, and Kroll proc 
ess zirconium shows intermediate char- 
ucteristics 

Variations in values for modulus of 
elasticity between the annealed and 
hard drawn metal probably are attribut 
able to difficulties in obtaining precise 
ilues, rather than being a unique char 
acteristic of the metal. Scattered values 
of Charpy impact strength have not 
been fully explained random values 
above 50 ft-lb. have been reported. Zir- 
conium, like most nonferrous metals, 
does not show brittle fractures at low 
temperature. 

Hydrogen, in amounts greater than 
ppm., is responsible for the fact 
metal heated above 600 F. and 
slowly cooled shows unusually low V- 


10 
that 


notch Charpy impact values when 
tested from 32 to 400 Fahrenheit. 

In addition, studies have shown that 
oxygen in hydrogen-free zirconium 
(Table IIT) improves strength, electri 
cal resistivity and hardness 


Physical Properties 

Zirconium solidifies in the body 
centered cubic system at 3,325 F and 
undergoes an allotropic transformation 
to the hexagonal close-packed stru 
ture at 1,585 F. The latter is the stable 
form at room temperature. Since the 
physical properties of zirconium are 
profoundly influenced by minute 
amounts gaseous impurities, most 
of the data in Table II are only for 
high-purity iodide type of zirconium 


of 


Corrosion Resistance 


In various mediums zirconium sur- 


passes stainless steel and resembles 


Table I—Mechanical Properties of Commercial Zirconium 

















Kroll Process* Iodide Process t 
| §$0% Cold Worked | Annealed 1,300F | Hard Drawn Annealed 1,400 F 

Ultimate tensile strength, psi....... 82,600 49,000 83,300 35,900 
Proof stress, 0.2 percent offset, psi. 75,400 29,200 69,700 15,900 
Proportional limit, 0.01 offset, psi . 41,800 16,900 32,100 8.350 
Elongation, percent............. « tetas adtbaleitacg sh 42 18 31 
Modulus of elasticity. 12,800,000 13,700,000 14,500,000 11,350,000 
Hardness, Rp ........ 95 83 87.4 30.0 
Charpy impact resistance, ft-lb 14.8 | 1.5 to 3.5 2.5 to 6.0 





* Oxygen 0.11 percent, nitrogen 0.01 percent. 


t Oxygen 0.04 to 0.06 percent. 
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Zirconium crystal bars produced by the iodide process are highly resistant to corrosion. Because of low-neutron absorp- 


tion coefficient, this metal is getting considerable attention in connection with the atomic energy program. 


tantalum in its resistance to corrosior 
It resists attack by alkalis excellent 
ly. It is completely resistant to hydrox 
ide solutions in all concentrations up 
to their 
caustic has no effect 
In acid solutions, the 


boiling points: even fused 
corrosion fre 
sistance is not so sharply defined. Zir 
conium shows excellent 


all temp 


I 


resistance at 


ratures in sulfuric acid so 


» SO percent concentration 


I 
by weight. Above this point there is a 


lutions up t 


sharp increase in the rate of corrosion 
Corrosion by nitric acid solutions is 


negligible for all 


tor temperatures at 2121 


concentrations and 
But in com 
acids, nitric acid 
the ad 

mount of sulphuric 
cid will cause rapid attack of the met 
al. Also aqua regia (nitri 
chloric acids) attacks zir 

Hydrochloric acid 

from 0 to 20 percent by weight and 
at temperatures up to 212 F. does not 
attack zirconium. The metal is also 


bination with other 
attacks the m tal 


dition of a sn all a 


For instance 


and hydro 
onium 


oncentrations 


fully resistant to all concentrations of 
phosphoric acid up to 140 F, and up 
to 60 percent concentration by weight 
at 212 Fahrenheit 

Zirconium fully resists attack by met 
al chloride 
tion of ferric and cupric 
the latter it suffers an 


solutions with the excep 
chloride. In 
mbrittlement 
type of attack which, in the most se 
vere form, completely disinte 


metal into a fine powder 


grates the 


Other solutions in which zirconium 
is not corrosion resistant include water 
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Table Il—Physical Properties of Zirconium 





Thermal properties 


Melting point, C 
Allotropic transformation temperature, C 
Specific heat, zero to 100 C 


Coefficient of thermal expansion, 20 to 200 C 


Electrical properties 
(1) Resistivity: iodide bar 


Kroll bar 
(2) Temperature coefficient of resistivity: 
iodide bar 
Hexagonal 
Lattice constants Close Packed 
a 3.228 A 
c 5.120 A 
c/a 1.59 
Interatomic distances 
di 3.16A 
de 3.22 A 


; 
1830 + 40 
863 + 3 
| 0.068 cal. per g. 
| 5.4 x 10—* per deg C 
|— dinsidepiadin 
39 x 10—* ohm-cm. 
48 x 10—* ohm-cm. 


0.0044 per deg C. 


Body-Centered 
Cubic 


3.61 A 


312A 





Table LL 


Influence of Oxygen on Hydrogen-Free Zirconium 





Atoms Elongation 

percent Ultimate 0.2 percent percent Hardness Electrical 

Oxygen Strength Yield in 1 In. A-Scale | Resistivity* 

| 

Nil | 29,000 7,000 32 20 39.0 
0.5 39,000 26,000 16 36 42.5 
1.0 50,000 34,000 7 46 46.5 
1.5 59,000 42,000 5 52 50.0 
2.0 70,000 49,000 4 57 54.0 
2.5 81,000 56,000 3 60 57.5 





*In ohm-cm. x 10° 
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Fig. 1—Charpy impact strength of zirconium-tin Fig. 2—Short-time tensile-strength of zirconium (in color) com- 
(1.5 percent) alloy compared to that of SAE pared to that of titanium and SAE 1015 steel over a 1200 F range. 
3130 Steel (in color). Note effect of hydrogen. High temperatures have a greater effect than on steel. 


saturated with chlorine, and red fun 


ng nitric acid. In white fuming nitric 


icid, the corrosion resistance is only 
fair 

The resistance of zirconium to cor 
rosion by various hot gases is generally 
very poor, since the metal is high in 
the chemical activity table. The pro 
tective oxide film, that accounts for the 
corrosion resistance toward most solu 
tions, is absent at higher temperatures 
The oxide is rapidly dissolved by the 
base metal at 1,500 F, and an active 
surface 


s continually exposed. Pieces 
of zirconium may safely be heated in 
air to 1,375 F for hot working, and 
the resulting surface oxides can be re- 
moved by sand-blasting and pickling 
in hydrofluoric acid. Thin sections must 
be protected from contact with air by 
either heating in a vacuum or in an 
inert atmosphere of helium or argon 
Zirconium has an affinity for nearly 
all gases. Hydrogen is readily ab 
sorbed above 925 F. and nitrogen is 
rapidly absorbed above 1,650 F. Zir 
eacts with CO., and CO and 
SO, at elevated temperatures, liberat 
ng elemental carbon or sulphur. Pure 


onium 


SO. gas has little effect on zirconium 
it 925 F but reacts with it to form a 
oluminous oxide at 1,110 Fahrenheit 

Hydrogen absorption is reversible 
Zirconium combines with hydrogen in 
increasing amounts up to the allotropi 
temperature, but there much of the 
hydrogen is rejected. Upon cooling, hy 
drogen is reabsorbed. This has been 
used as a method for purifying hydro 
gen, since oxygen and water vapor 
ontained in the gas are retained by the 
vot zirconium metal 


Bio 


Zirconium from 


3 
8 
Ts. 






sponge 








Neutron Absorption 
Published figures for neutron ab 
sorption exclude all but four metals 
beryllium, magnesium, aluminum, and 
zirconium-—from the high-flux zone in 
thermal reactors. Beryllium is by far 
the best of the four in regard to neu 
tron economy (a term that describes the 
extent metal permits neutrons to Causc¢ 
fission in a nuclear pile. In this ap 
plication structural metal should have 
a low absorption.) However, it is dif 
ficult to fabricate in other than simpk 
Even if it could be worked 
easily, nature has placed a strict limi 
tation on man’s use of beryllium by 
scattering it so widely that there is not 
enough to satisfy the demands 
Magnesium, while inexhaustible in 
supply, is ruled out because of its poor 


shapes 


heat resistance at nominal temperatures 
Aluminum is still used in the plu 
tonium piles at Hanford, Wash. How 
ever, when the temperature is raised 
substantially, there are corrosion prob 
lems that are difficult to alleviate or 
overcome in the applications to which 
the material is put 

Therefore zirconium is the out 
standing metal with low neutron ab 
sorption for high-temperature applica 
tion in nuclear reactors. Its thermal 
conductivity is only fair but its strength 
up to 1,000 F and excellent corrosion 
resistance make it the most attractive 
metal available for general use 

Zirconium is not the ideal constru 
tion material for all nuclear reactors 
Some reactors use neutrons at high 
speed. As the neutrons increase in 
speed they behave more like X-rays 


| under such conditior S zirconiun 
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possesses no advantages in fact, it has 
a higher absorption coefficient than or 


dinary steels 
Alloying Tendencies 


Zirconium, although a relatively re 


fractory metal, melting at about 3,350 


F possesses comparatively poor tensile 


strength and creep resistance above 750 


F. Since this temperature is within 
the recrystallization range, the only way 
<O improve its creep resistance is by 
alloying 

Because zirconium is in the same 
chemical family at titanium, it was 
thought that alloying might produce 
new super alloys. To date, 12 alloy 
systems—including nickel, manganese 
tin, silicon, iron, chromium, titanium 
copper, molybdenum, 
aluminum—are 


tungsten and 
study. But it 


under 
seems that no vast improvements, such 
as those found in titanium metallurgy 
will be forthcoming 

Most of the zirconium alloy systems 
studied show limited solubility of the 
alloying element in beta zirconium and 
negligible solubility in the low-temper 
ature alpha phase. The beta solution 
decomposes eutectoidally on cooling to 
give alpha zirconium and an inter 
mediate phase. Table V lists the sali 
ent features for seven of these alloy 
systems 

The approximate eutectoid compos! 
tions and temperatures of five titanium 
illoy systems are presented in Table VI 
for comparison purposes 

Solubility of the alloying elements of 
Table V in titanium is three to eight 
times their solubility in zirconium 
Beta titanium, or mixed beta-plus-alpha 
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Table 1V—Yield and Tensile Strength at 930 F. 














titanium systems, but there are prac- 
tically no reports of retained beta in 
similar zirconium alloy systems 

This lower solubility is the basis for 
belief that workable zirconium alloys 
having ultimate tensile strengths over 
100,000 psi will not be common. An 
exception may come in the tantalum 
system where the beta solubility is 
much higher; tensile strengths of 150, 
000 psi have been reported 

Aluminum and tin show appreciable 
solubility in alpha zirconium—about 
31/, percent and 9 percent respectively 
Apparently this limit could not be ap 
proached in commercial Zn-Al alloys 
because of difficulty in fabricating com 
mon shapes. Moderate percentages of 
tin, while not importing phenomenal 
strength, will markedly raise 
the yield strength without excessive 
loss in ductility 

Zirconium-titanium alloys are unique 
in that they form completely isomor 
phous solutions of both alpha and beta 
forms with the transformation point 
depressed to about 1,000 F. Graphite 
melted alloys of this composition have 
a tensile strength above 150,000 psi 
with a rather low elongation 

There are two other properties of 
interest 
embrittlement 


tensile 


zirconium that have aroused 


low temperature and 


high tempe rature tensile strength 


Low-Temperature Embrittlement 


The early history of zirconium 
showed that it had relatively low 
energy-absorbing capacity in the 
notched-bar impact test. It was re 
garded as a typical hexagonal metal 
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room temperature—that is, less than 
20 ft-lb. The impact energy increases 
with temperature, reaching values of 
80 ft-lb. or more above 400 F. The 
shape of the curve of impact energy 
versus temperature resembles the transi 
tion curve of steels as can be 
in Fig. 1 on preceding page 

Recently, it has been found that upon 
annealing at 1,475 F in a vacuum of 
less than 0.1 micron, the room-tempera- 
ture impact energy could be as high as 
70 ft-lb. Analysis showed that hydrogen 
was removed from the metal, and the 
term “hydrogen embrittlement’’ takes 
on a new meaning when applied to 
zirconium. Hydrogen affects titanium 
in the same way and that embrittl 
ing effect can also be removed by high 
temperature vacuum treatment 

The effects of various 
hydrogen on the 
a 98.5 Zr, 1.5 Sn alloy 
in Fig. 1. The transition from tough to 
brittle behavior is verified by measure 
ments of the reduction in width d 
rectly below the notch 

In steels, this transition is normally 
associated with the interstitial elements 
such as carbon and nitrogen, or with 
hydrogen embrittlement resulting from 
pickling or electroplating, and these 
atoms are in solution and not present 


seen 


amounts o 
impact strengths o 
are also shown 


necessarily as precipitates 
In zirconium, the low 
strength has been primarily assoc 


impact 
ated 
with the appearance of hydride needles 
When the needles are absent, as 
quenching from above 600 F, the ma 
terial usually is found to be tough. Ex 
ceptions occur when the hydrogen con 


after 


Handbook 


(Rockwell C-70) | | Metal Yield, psi (Ultimate, psi 
' ; ; 2 , ) 
lodide Zirconium, __| Zirconium (unalloyed 8,800 14,30¢ 
melted in Graphite 
ee T Zirconium alloys 
+ ad 2.0 percent aluminum 32,000 46,000 
50+ wall a 1.3 percent molybdenum 49,000 74,000 
= — 2.2 percent columbium 35,000 43,000 
4 6.4 percent tantalum 27,000 34,500 
30 a. 10.4 percent titanium 41,000 58,000 
lodide Zirconium, Arc melted 
4.8 percent tin 24,000 32,000 
20 |— 
Titanium 
RC-70 (commercial titanium 29,000 40,000 
10 1 Alloy RC-130A 38,000 72,000 
+ : Alloy Ti-150A 40,000 55,000 
oO : 400 800 1200 1600 MST, 3 Al—S0 Cr 70,000 100,000 
Temperature, F. 
Steel 
Fig. 3—Diamond Pyramid hardness of zirconium an- 1015 20,000 33,000 
nealed sheet (in color) to titanium and SAE Type 316 stainless 25,000 72,000 
1020 steel throughout | temperature range. 
structures, can be retained in all these with inherently low impact strength at _ tent is relatively high—say, more than 


100 parts per million 

Although the causes of the embrittle 
ment in zirconium and iron apparently 
are not the same, the relative effects of 
a notch and strain rate upon the two 
metals are similar. It is accepted that 
it is the notch which raises the effective 
yield stress in iron to the fracture-stress 
level and caused the brittle behavior 
Strain rate has only a relatively minor 
effect in shifting the transition curve 
along the temperature axis 

In zirconium, although it is thought 
to be somewhat more sentitive to strain 
rate than iron, essentially the same ef 
fects are noticed. Tensile-impact tests 
on unnotched 
brittled material show the 


sheet of normally em 
material to 
be tough at 
with a jeweler's saw had reduced tough- 
at this temperature, but did not 
show a completely brittle behavior. On 
the other hand 


material, 


300 F. Specimens notched 
ness 


impact-bend tests on 


the same using V-notch 


Charpy specimens showed completely 


brittle behavior when tested at room 
mperature 
Effect of Temperature on 
Tensile Properties 
Elevated temperatures are more ef 
fective in decreasing the tensik 


strength of zirconium (both iodine and 


ponge) than that of low-carbon steel 
and Fig Composition 


differences probably are responsible for 


s 


titanium, 


the spread between zirconium and ti 
tanium 
impurities raise the strength of titani 
um more than zirconium 


For 


and it is probable that minor 


example, the tensile strength of 





Table V—Zirconium Alloy Systems of the Fe-Fe; C Type 
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|_ Maximum Solubility —_| 

















Temperatures, C Composition, percent | First 
System (| Wein - alate | Intermediate 
In Alpha | In Beta Eutectoid Eutectic Eutectoid : Eutectic | Phase 
ME a ss ase as ee Sea | _ | 
Zr-Fe.. | 5.5 800 934.00 | 2.5 16.0 ZrFe2 
Zr-Ni....... 1.9 808 961.00 | 1.3 17.0 Zr2Ni 
Zr-Mn...... | 6.5 | 795 11.50 3.0 22.5 | Zr2Mn3 
Ze-Cr....... 2.10 = | 6 to8 805 1380.00 1.7 / 18.0 ZrCre 
Zr-Mo. 0.18 22.0 780 1520.00 |. 7.5 | 31.0 ZrMoO, 
Zr-W. op 8.0 850 1650.00 | 0.5 18.0 ZrW: 
Zr-Cu 0.20 3.8 822 995.00 1.6 21.0 ZreCu 
annealed iodide titanium sheet, which son why alloys of various base metals Atomic energy applications that 


2 


averages about 32,000 psi, is similar 
to that of annealed iodide zirconium 
sheet, which ranges from 28,000 to 
10,000 psi. When impurities are added 
to these two rather pure base metals, 
the strength levels are raised. Magnes- 
ium-reduced titanium has approximate- 
ly the same impurity level as sponge 
zirconium, but it is apparently much 
stronger 

The effects of temperature on the 
hardness of zirconium, titanium, and 
SAE 1020 steel are shown in Fig. 3 
Differences in melting practice produce 
marked changes in the hardness (and 
similarly strength) of zirconium. Melt 
ing iodide zirconium in a graphite 
crucible, which introduces carbon, in 
creases the Brinell hardness at room 
temperature by 50 percent over that of 
arc-melted iodide zirconium. This ef- 
fect decreases rapidly with increasing 
temperature as the hardening influence 
of the carbide phase is reduced. The 
curve for the mild steel is included to 
show the same effect noted previously 

There is an approximate proportion 


ality between the hardness and tensile 





should not be compared on the basis 
of hardness numbers. 

A comparison of the effects of bin- 
ary additions on  induction-melted 
iodide zirconium alloys is shown in 
Table V. Zirconium with 1.3 percent 
molybdenum alloy has very good tensile 
properties at room temperature - a 
yield strength over 100,000 psi, a ten- 
sile strength over 120,000 psi, with 8 
percent elongation. All the zirconium 
alloys listed here were tested on sheet 
after annealing at 1,300 Fahrenheit 

It is apparent that relatively small 
additions of a second metal to zircon 
ium produce some changes. The stress 
to cause rupture in 100 hr at 930 F 
(500 C) for the 4.8 percent Sn alloy, 
one of the few tested, was 25,000 psi 
This is comparable to the 100 hr rup 
ture stress of 20,000 psi for Ti-150A 


spurred development and research in 
zirconium have taken first priority on 
the metal. But laboratory men see other 
possibilities when it becomes more 
available. 

One important potential use = 
to be in the heavy chemical industry, 
where its excellent corrosion resistance 
to a wide variety of acids, especially 
hydrochloric, and to strong bases 
makes zirconium particularly promis 
ing. 

Also resistance to corrosion by acids 
and bases makes zirconium a good sub- 
stitute for titanium in orthopedic 
surgery. No known compound of zir 
conium has a toxic effect on the body; 
bone and tissues will adhere to it; and 
its mechanical strength, wear resistance 
and low density adapt it to other spe 
cial surgical requirements 





Table VII—Short-Time Tensile Properties of Zirconium at Elevated 
Temperatures in Various Atmospheres 








; : lid both Ultimate 
Srengsn ‘Se Eee — ot The Material Atmosphere Testing Elongation Reduction Tensile 
7 or —y — my 7 ria sagnenir “a Temperature percent In Area Strength 
diamond pyramid hardness number in Cc percent psi 
kg per sq mm multiplied by 330 is a 
good indication of the tensile strength 
in psi This multiplier is not equal to lodide, extruded Air 20 23.7 39 65,000 
the proportionality constants for tita- 
nium and steels, and this is a prime rea- = Todide, extruded Argon 250 32.7 55.1 40,000 

‘ , - as : : Iodide, extruded Argon 500 39.7 68.0 28,500 
Table VI—Five Titanium Systems 
Iodide crystal Helium 500 24,000 
Eutectoid Eutectoid Nitrogen 500 15,000 
System Composition Temperature 
percent deg C Iodide crystal Helium 700 10,000 
Nitrogen 700 7,000 
Ti-Fe 12 580 - " 
Ti 96; 8 780 lodide, extruded Argon 750 99.6 97.8 8,000 
Ti-Mn 20 550 
Ti-Cr 14 670 Iodide crystal! Helium 800 6,600 
Ti-Cu 9 780 Nitrogen 800 500 
Bi2 Product Engineering — 1954 Annual Handbook 














From: Paper Presented at WESTERN METAL CONGRESS 


ow to Work Zirconium 


Characteristics of base metal, including sponge and crystal bars. 






5 METALS AND ALLOYS 


Methods of melting. Ways of getting the ingots into mill shapes. 


Details of both hot and cold working, drawing and machining. 


R. B. GORDON 
and 


W. J. HURFORD 


Westinghouse Electric Company 


ONE OF THE MOST CRITICAL MATE- 
RIALS associated with the atomic energy 
program is zirconium. It possesses three 
of the properties required of materials 
that are used for certain applications 
in nuclear reactors: relatively good 
strength characteristics, good corrosion 
resistance, and low neutron absorbtion. 
Fortunately, zirconium is readily fab- 
ricated despite the fact its properties 
and characteristics are somewhat dif- 


from those of 


ferent most common 
metals. 
Once these differences are under- 


stood, zirconium ingots can be forged, 
rolled and extruded. From these prim- 
ary forms a variety of shapes can be 
fabricated by hot and cold working, 
drawing, swaging and machining. 

Two types of zirconium are being 
produced: sponge metal by the Kroll 
process and crystal bar by the De Boer 
process. Both processes are similar to 
those used for producing titanium. In 
general, the base metal now being pro- 
duced can be fabricated, worked and 
machined in a manner similar to stain- 
less steel and aluminum. 

Alloys of zirconium have had limited 
use even though they have increased 
strength characteristics. They require 
higher temperature for hot working, 


The first ingots of commercial purity 
were made of sponge zirconium and 
melted in vacuum in a graphite resistor 
furnace by the Bureau of Mines in 
1949. As a result of the limited amount 
of fabricating possible on graphite 
melted sponge, the Bureau of Mines 
later developed a process for produc 
tion of commercially pure ingots by 
consumable arc melting in an inert 
atmosphere. Crystal bar zirconium in 
gots are made by a process developed 
by the Westinghouse Electric Corpora 
tion. The material is melted with a 
tungsten-tipped electrode in a water- 
cooled copper crucible under an inert 
atmosphere of argon and helium. These 
processes produce metal having dif- 
terences in chemical and physical prop 
erties as pointed out in the descriptions 
that follow 


Kroll Process 

Zirconium metal produced by the 
Kroll process is a porous metal called 
sponge zirconium that must be further 
refined and processed before it can be 
used. The raw sponge contains appreci- 
able amounts of volatile magnesium 
and magnesium chloride that are re 
moved by distillation before the sponge 
is converted to ingots. Sponge zirco 
nium may be quite low in metallic im 
purities but usually contains sufficient 
oxygen to increase hardness values be 
yond those of the pure metal. The high 
er sponge hardness carries over to in 


the oxygen content cannot be reduced 
by high temperature vacuum treatment 


De Boer Process 

This special technique, also called 
the iodide process, produc es dense 
metal, called crystal bar, which can be 
fabricated directly into some shapes 
without further processing. The metal 
produced by this process is usually of 
high purity and is easily fabricated 
Samples have been successfully cold 
rolled to reductions in excess of 95 per 
cent without intermediate annealing 
Slight contamination of crystal bar zir 
conium during melting increases the 
hardness. However, techniques have 
been developed for conversion from 
crystal bar to ingot without perceptible 
increase in hardness or impurity level 

Typical impurity and hardness rang 
es are shown in Table I for metal 
produced by these processes. The 
values listed for sponges are for ingots 
melted in graphite crucibles under vac 
uum and for ingots melted in a con 
sumable arc furnace under inert at 
mosphere. Pure sponge zirconium elec 
trodes are used. Despite relatively high 
hardness present arc melted 
sponge zirconium ingots are of a high 
metallurgical quality and can be either 
hot or cold worked 


values, 


Primary Forming 
Crystal bar and 
and zirconium alloys with Brinell hard 


sponge zirconium 











and heavier equipment for cold gots melted by any known process, since ness values less than 200 are readily 
Table I—Impurity and Hardness Range of Zirconium Ingots 
_Type ” ab Bureeu of Mines Sponge. __| Westinghouse Crystal Ber 
’ | 

_Melting Method __|___Graphite Crucible _ Consumable Are Non-Consumable Are 

_Eiements, Percent _ |_ Range _| Average |___Range ___ Average | Range _|_ Average 
Mii. oi as.. EAN ae meth Pees | 0.05-0.29 0.15 | 0.01-0.08 0.04 
Hydrogen | 0.006 0.002-0.010 0.004 | 0.002-0.008 0.004 
Nitrogen. boats : 0.005 | 0.001-0.010 0.004 0.001-0.003 | 0.001 
Carbon. . | 0.08-0.25 0.01-0.06 0.025 0.01-0.04 0.02 | 

Ingot Hardness Bhn/3,000 kg..| 130-190 120-155 75-90 
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fabricated on commercial equipment 
In Operations W here the metal does not 
require lubrication to prevent seizing 
to the working surfaces. Hot working 
by forging or rolling is easily accom- 
plished since the work is covered with 
an oxide. Extrusion and drawing re- 
quire special techniques to produce an 
acceptable product 

Heavy sections of zirconium can be 
annealed in air at 1,300 to 1,500 F to 
obtain recrystallized structure after hot 
rolling. An ASTM grain size of 7-8 
can be obtained in crystal bar zirconium 
after hot rolling at 1,400 F and by an- 
nealing for 10 min at 1,300 F, while 
sponge zirconium alloys have the same 
grain size after annealing for 10 min 
at 1,550 F. At these times and tem- 
peratures not more than a few mils 
of the material are contaminated 

Light and heavy sections that have 
surfaces that can not be cleaned readily, 
such as the inside surfaces of tubes, 
should be annealed in inert gas at- 
mospheres or vacuum. Vacuum anneal- 
ing appears to prevent contamination 
better than inert gas atmospheres and 
may be more economical. Table II lists 
rec ry stallization temperatures of zircon 
ium after cold working 


Forging: Arc cast ingots for forging 
are made in diameters from 4 to 12 in 
with weights to 500 lb. Prior to fab 
ricating, ingots are rough machined to 
a diameter where their surface is rela- 
tively free from defects. Small local 
defects remaining after machining are 
removed by grinding. If the sidewall 
of one section is not as smooth as the 
remainder of the ingot, it is machined 
to a smaller diameter, with a taper of 
30 deg from the smaller to larger di 
ameter. Such gradual steps on the in 
got do not affect the quality of the 
fabricated shape 

Heating time varies from less than 
one hr at 1,800 F for 4-in. dia ingots to 
two hr for 10-in. dia ingots prior to 
forging. Zirconium will work easily 
after these short heatings and will not 
crack during forging or rolling. Table 
III lists forging temperatures 

Arc cast ingots can be hammer or 
press forged. Equipment size depends 
on the lowest temperature at which the 
material is to be worked. Zirconium 
alloy ingots up to 10-in. dia have been 
pressed on a 500 ton press; however 
several reheats were necessary to work 
the material to 21/ in. thick by 8 in 
wide. With a 1,000 ton press, 12-in. dia 
ingots have been formed to the same 
size without reheating. A 6,000 lb air 
hammer is also satisfactory 


Rolling: Billets or slabs are conditioned 
for rolling by sandblasting, pickling, 
and grinding to remove local defects 


B:4 











Ingots of zirconium are rolled into slabs by successive trips of the red-hot metal 
through a rolling mill. This is one of the first steps in the fabrication of zirco- 
nium parts. Reductions up to 35 percent per pass are made on sponge metal, after 
which the sheets are sandblasted or shotblasted and pickled. 


Slabs 21/, in. thick are heated for 40 
to 60 min in either gas or electric 
furnaces and then rolled. Rolling can 
be done in any conventional rolling 
mill, but the slab should be reduc 
strip without 
tamination of the Strip 1s minimized 


d to 


reheating so that con 


Reductions of 35 percent per pass can 
be made on sponge zirconium without 
cracking the edges. Reduction per pass 
should be decreased or rolling temper 
ature increased for the alloys. Table IV 
lists approximate rolling temperatures 

To remove scale on hot rolled strip 
or on sheet the zirconium must be sand 
or shot blasted and pickled with 
HNO:-HF after rolling. This removes 
about one mil from the surface. Stan 
dard H.SO,, HCL, and HNO, baths 


will not pickle zirconium 


Extrusions: Standard extrusion tech 
niques have proved unsatisfactory as 
the lubricants failed to prevent seizure 
and welding of the zirconium billet to 
the tooling material. To prevent this a 
canning technique has been developed 
where rod and tube extrusion 
are clad with thin 


removed after extru 


billets 
copper or steel 
sheaths that are 
sion by mechanical stripping and etch 


ing. With this method 0.5 to 1.0 in. dia 


tubes having wall thicknesses ranging 
from 0.05 to 0.10 in. are extruded at 
about 1,380 F. The surface quality de 
pends on the thickness of the sheath 
material. Where good surface finish, 
thin walls and close dimensional toler 
ances are desired, cold finishing opera 
trons are necessary 

Shapes are limited to squares and 
rounded corners and 
Multiple hole extrusions 
have not been possible because of the 
lubrication problem. This has also re- 
stricted the preparation of tube billet 
bores to machining rather than pierc 


Ing 


rectangles with 
tube shells 


Dies with entrance angles from 20 
to 45 deg blended through large radii 


into their bearings have 


been more 
satisfactory than square-faced dies 
Tungsten bearing hot work tool steels 
have been used as tooling materials 


and lubricants are heavy oil suspensions 
of flake graphite, molyt 
phide or mica 


New fabrication t 


ddenum disul 


chniques indicate 


the use of glass lubricants for bar 
extrusions. At present, 2 in. sq and 
114 dia bars and 244 OD x 0.180 in 
wall tube are being extruded. Whil 


the surface quality of the extrusions 


indicates the onditioning 


need for 


Table Li—Effect of Reduction on Recrystallization Temperature 





Recrystallization Temperature, F 





Type 
20% 50% 80% 
reduction reduction reduction 
Crystal Bar 905-1,020 840-860 835 
Sponge 1,010 960 925 
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Hardness testing of a 99.9 percent pure zirconium ingot. 
Crystal bar zirconium has lower hardness values than sponge 
zirconium and is easier to work. Cold working is relatively 
easy when Brinell hardness values are less than 200. 


prior to further processing, the poten 
tial of the process in zirconium fab 
rication is clearly demonstrated 


Mechanical Working 
Zirconium, like other metals, can be 
hot or cold worked, drawn, swaged 
and formed by conventional methods 


Cold Working: Zirconium work hard- 
ens rapidly during cold working as 
indicated by the hardness values given 
in Table V. Sponge zirconium can be 
cold rolled with reductions of less than 
10 percent per pass and with total re- 


. 


sponge, and if either becomes contam 


inated with gas during melting o1 
fabricating, the resultant material will 
be more difficult, and in some cases im 
possible, to cold work. Thus, for good 
cold forming the gas 


should be kept to a minimum 


contamination 


Hot Working: Zirconium hot works 
easily at temperatures below those 
normally used for steel: The deforma 
tion mild steel at 1,600 
F is equivalent to that of crystal bar 
350 F and to that of 
230 Bhn at 1,500 


resistance ol 


zirconium at 1, 
zirconium alloy of 





Electric are furnace melts pieces of zirconium crystal bar 
to form ingots. The operator controls the position of the 
are by moving the magnet in his right hand. View of furnace 
is obtained by watching through periscope. 


sheet, if annealed tor two hr 


s heavily scaled and 


10 in 
at | S00 | becon 
severely wart ed. It is best to heat zir 
for forging and rolling at 
where the operation Cat 


nium 
temperature 
be completed without reheating, thus 


ducing the total heating time and gas 


tamination. Sponge zirconium alloy 


ngots up to 12-in. dia do not have to be 


preheated and can be placed in the 


rurnac at fabri ating t mperaturt 
an be Siit 
used fo 


zZirconiu 


Forming Strip and sheet 
equipment 


lodide 


, 
satisfactorily on 


| 
Slitting stainiess stec | 





ductions of 35 percent between an- F. As the temperature increases th shears readily, as does high quality 
. pressure required to deform zirconium sponge. Sponge alloy harder than 1% 

neals. Small crystal bars ae be cold decreases rapidly A pressure ol 18.5 Bhn often fractures when sheared 
reduced 99 percent without intermedi tons/sq in. is required at 1,400 F for however, this can be avoided by warn 
ate anneals, however, large pieces of 59 percent reduction of a 1!/, in. thick shearing at 300-400 F. Shearing chai 
about 1 in. thickness develop edge at) of crystal bar zirconium. while acteristics the material have hee: 
cracks after a total reduction of about , 19 9 ton sq in. pressure will produc found to be similar to those of alun 
OU percent a 70 percent reduction at 1,600 F num except for the higher loading re 

Sponge metal, due to its higher gas Time and temperature limits for 1. The blanking of zirconium has 
content, is much more difficult to work heating in ordinary furnace atmosphere presented no difficulties. In blanking 
at room temperature than crystal bar de pends on many factors such as. th n. thick crystal bar zirconiun 
zirconium. Oxygen and nitrogen in size of the piece, the operation to be in fractures are obtained with punch 
crease room temperature yield strength pe rformed, and the amount of material ind d clearances of about 0.001 in 
and decrease ductility The difference that can be removed by machining. For Flat faced punches made from standard 
in cold forming is very apparent when example, 10-in. dia ingot can be heated ] steels are suitable 
shapes are attempted Many shapes for two hr at 1.800 } prior to forging 
readily made from crystal bar zirco into a 21/4 in. thick slab with only a Drawing: Zirconium shect can be d 
nium are very difficult to make fron few mils of surfa contaminatior A iwn t ns using electroplated 

Table I1l—Forging Temperatures Table 1V—Rolling Temperatures 
Starting Finishing Starting Finishing 
Type Temperature Temperature Type Temperature Temperature 
+ F F F F 

Crystal Bar 1,400 1,100 Crystal Bar 1,400 1,100 
Sponge . 1,550 1,200 Sponge 1,450 1,200 
Sponge Alloy 1,600—1,900 1,300—1,500 Sponge Alloy 1,550 1,300 
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copper or a commercially available ad- 
hesive type cetment for lubrication 
Small cans can also be fabricated by 
mpact extrusion. While extrusion of 
zirconium bare at 980 F failed because 
of seizing and welding, cladding the 
blanks in aluminum or copper gives a 
successful extrusion at 260 F. Cans 8 
in. long, 1.0-in. dia and 0.015 in. wall 
have been drawn from sponge zircon 
ium using intermediate anneals at 1,200 
F in a 50-50 lithium carbonate-potas- 
sium carbonate bath and commercially 
available waxes and soaps as lubricants 
An oxide film on the zirconium was 
found necessary to achieve the proper 
lubrication 

Both crystal bar and alloyed sponge 
tubes can be fabricated by tube reduc- 
ng and cold drawing extruded stock 
A molybdenum disulphide lacquer 
mixture is used as the die lubricating 
mediun 

Rods can be produced by extrusion 
or forging and rolling, followed by 
old swaging or drawing. Hot working 
temperatures of 1,800 F and higher are 
required for alloyed sponge compared 
to 1,500 F for crystal bar zirconium 
Intermediate anneals at about 1,450 F 
ure required for sponge alloy after cold 
reductions totaling 35 percent, while 
crystal bar metal can be processed 
without annealing if the drafts used 
are less than 20 percent 


Machining 


} 


Crystal bar and sponge zirconium 
with carbon contents of less than 0.1 
percent are readily machined by all 
standard operations. The general ma 
hining characteristics are smiliar to 
iluminum except for greater abra 
siveness which results in greater tool 
wear. Oxide scale on hot worked sur 
faces is extremely abrasive and de- 
structive and should be removed 


prior to machining 


Milim In machining flat surfaces 

rtical face milling is preferred to 
horizontal since metal can be removed 
it higher rates with excellent finish 
Face milling is done with surfaces 


speeds to 250 fpm when cutter and 
work are flooded with a suitable water 
soluble coolant 


Drillme: Drilling zirconium offers lit 
tle difficulty. When using bushings in 
drilling fixtures, there is a tendency 
for chips to jam in the bushing. Sharp 
ening drills to less than a normal 118 
deg cutting angle appears to give best 


results 


Turnmne Sponge zirconium tngots are 
onditioned for forging by turning on 
a lathe. The Bureau of Mines uses a 
sintered carbide tool, dry, at 80 fpm, 


Bis 


Table V—Brinell Hardness Vs Percent Reduction 





BH N at Various Reductions 


Type 
0% 20% 40% 60% 80% 90% 
Crystal Bar 88 125 145 160 168 172 
Sponge 165 204 210 215 228 255 





Flow Sheet For Zirconium Sponge and Crystal Bar 
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The Kroll process produces zirconium sponge in six steps. Further purification 
of the metal is possible by combining with iodine to produce zirconium crystal 
bar by the De Boer process. Melting of either sponge or crystal bar zirconium 
produces zirconium ingots for fabrication. 


0.01 to 0.02 in. feed and 14 in. maxi high speed steel blade. Zirconium can 
mum cut. Normal cutting angles are be cut on a friction saw but a large 
used except the clearance is increased to _ burr is left 

10 degrees. An air blast is used for 


cooling and the chips are remelted for Little information is available on the 
salvaging machining of zirconium of higher car 


bon content or zirconium base alloys 
Sawing: Zirconium is readily sawed by The limited experience to date indicates 
mechanical means. A straight cut can that satisfactory surface finishes can be 
be made through 12-in. dia ingot on a obtained but that the fire hazard among 
conventional power hack saw using a_ chips is greater for zirconium alloys 
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From: Alloy Casting Institute Standards and Literature Survey 


Heat 
Resistant 


Casting 
Alloys 


CASTING ALLOYS commercially used for 
heat-resistant applica 
tions requiring good surface stability 
and mechanical properties at elevated 
operating tempe ratures primarily con- 
sist of the straight chromium, iron- 
chromium-nickel and nickel-chromium 
According to the Alloy 
Casting Institute, 1200 F is the lower 
temperature limit for which the heat 
resistant alloys are designed for use 

Table I gives the ACI designations 
and the chemical composition ranges of 
the alloys. The initial letter “H” is 
used to designate the grades as those 
formulated for heat service 
The second letter indicates the nominal 
chromium-nickel type—the nickel con- 
tent increasing in amount from ‘‘A”’ to 
“X"’. Carbon content of the alloys can 
be designated by a numeral after the 
letters to indicate the midpoint of a 
+0.10 percent carbon range. 

The principal mechanical and phys- 


service—those 


base grades 


resistant 


characteristics of the cast iron- 


ical properties of the alloys at elevated 
temperatures are listed in Table I 
Values shown are typical amounts and 
should be used only as a general guide 
or relative indication, not as specifica 
tion requirements. Wide ranges in 
chemical composition permit large dif 
ferences in the physical and mechanical 
properties. For specific applications 
with required property values, the alloy 
composition is generally held to closely 
controlled percentages 

A comparison of the creep strengths 
of the heat resistant alloys with that of 
carbon steel, shown over the elevated 
temperature range normally encount 
ered in service applications is shown ‘n 
Fig. I. Creep strength is generally 
considered to be the most reliable in 
dication of hot strength under relatively) 
constant temperature conditions 

The oxidation rate in inches per 
year in air of the chromium-nickel 
alloys compared to that of carbon steel 
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Knowledge of the chemical composition 
ranges, the physical and mechanical 


properties and the observed service 


chromium-nickel heat resistant alloys 
will help in the evaluation of 
the proper alloy grade to meet 


service condition requirements. 






















is given by Fig. II. Data are based on 
100 hr tests at 1,600 F, 1,800 F and 
000 Fahrenheit 

Table III gives the room temperature 
mechanical properties of the heat r 
sistant alloys. There is little 
ship between these values and those 


re lation 


obtained at various elevated tempera 
tures 
Table IV 


resistant 


he at 


alloys 


shows the prin pal 
characteristics of the 
relative resistance 


and indicate s their 


to specific application conditions 
Table V lists the 
sistance characteristics of the heat resist 
Data in this table are 
and 
should not be used as the criterion for 


relative corrosion re¢ 
ant alloy grades 


based on general observations 


final alloy selection 


Alloy Groups 


The cast heat resistant alloys can be 
classified into five groups according to 
their chemical ranging 


Bi7 





composition 








Table I—Chemical Composition Ranges for Heat Resistant Castings 





Cast Wrought Composition—percent 
Alloy Alloy 
Designation Type S 
> Max Cr Other Elements 


HC 446 .50 max 0.04 26-30 .. Mo 0.5 max 
HD 327 max 0.04 26-30 Mo 0.5 max.f 
HE 0.50 0.04 26-30 Mo 0.5 max. 


HF 302B 0.40 0.04 18-23 Mo 0.5 max 


HH 309 0.50 0.04 24-28 Mo 0. N 0.2 max. 
HI 0.50 0.04 26-30 Mo 0. 
HK 310 0.60 0.04 24-28 Mo 0. 


HL 0.60 0.04 28-32 Mo 0. 


vVinnw 


HT ; 35-0.75 . 0.04 13-17 3-37 Mo 0.5 max 
HU 35-0.75 5 0.04 17-21 Mo 0.5 max.1 
HW 35-0.75 5 0.04 10-14 § Mo 0.5 max 
HX 35-0.75 0.04 15-19 Mo 0.5 max.? 











+t Molybdenum not intentionally added Alloy Casting Institute 


Table II—Mechanical and Physical Properties at Elevated Temperatures 





Elongation in 2 in Melt- 
Ultimate Tensile percent Limiting Rupture Limiting Rupture Mean Coefficient of ing 
Strength, psi Short Time Stress Stress Linear Expansion | Point 
Short Time Properties Properties psi——100 hr psi—1000 hr in./in./F/x10-© (|F,(Ap- 
prox. 
1400F  1600F 1800F 1400F 1600F 1800F 1400F 1600F 1800F 1400F 1600F 1800F 70to | 70 to! 70 to 
1200F  1600F 200F 


10,000 5,000 2,500 65 95 110 3,000 1,500 800 | 2,000 200 600 I 6.8 7.7 | 2,700 
36,000 23,000 15,000 14 18 40 10,000 6,000 3,400 8.5 9.2 2,700 
10,000 5,000 ,200 10.5 2,650 
i2,000 6,000 3,800 8,000 3,000 10.4 10.9 2,600 
13,000 6,500 3,500 : 10.0 10.8 2,500 


35,000 20,000 11,000 5 : 14,000 7,000 ,000 9,000 4,800 2,500 5 10.0 10.8 2,500 
14,000 7,000 000 8,000 4,800 2,500 ' 10.3 10.8 2,500 

23,000 5 5 14,000 8,000 500 9,000 5,000 3,000 9.5 9.7 10.6 2,500 

50,000 30,400 18,700 15,000 9,200 5,200 2,600 
34,000 19,000 11,000 5 2 15,000 9,000 4,500 10,000 5,500 2,500 8 : 9.8 2,425 
40,000 19,000 12,000 } 15,000 8,000 4,500 6,000 2,900 9.0 ’ 9.8 2,425 


10,000 6,000 3,500 7,500 4,500 2,500 8.0 9.2 2,350 











Material & Methods, October 1950 


Table I1l—Room Temperature Mechanical Properties 





Yield Strength Tensile Strength, Elongation in Brinell Hard Impact Comparative Comparative 
0.2 percent psi 2 in, percent ness Number Resistance Machinability Weldability 
offset), psi ft-lb, Charpy 


As Aged As s As Aged” As Aged* : Gas or arc)* 
Cast Cast Cast 


HC* 65,000 70,000 Par Poor 
HD 

HE 45,000 80,000 Par Par 
HF 45,000 000 80,000 00,000 Par Par 
HH 50,000 000 85,000 95,000 Fair Par 
HH* 45,000 000 91,000 95,000 
HI 45,000 70,000 

HK 47,000 50,000 75,000 78,000 
HL 52,000 82,000 

HT 40,000 45,000 70,000 75,000 
HU 40,000 43,000 70,000 73,000 
HW 50,000 68,000 75,000 
HX $5,000 42,000 75,000 82,000 


NN Ww 


NOoOnuu 


Par 
Par Par 


— ht pet 
~e 
So © 


Good Par Good 
Good Par Good 
Good Good Good 
Good | Good Good 


o+ 0 











* After holding at elevated temperature ASTM Tables on Cast Heat-Resistant Alloys 
* Compared to unstabilized, annealed 18Cr-8Ni. No heat treatment necessary after welding 

© Below 1 percent N 

* Plus 1.0 to 1.5 percent Mo 
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Table 1V—Relative Heat-Resistant Characteristics 





Maximum Safe Temperature Without Intolerable Attack 
for Continuous Operation, F* 


Resistance Ability to 
Products of Combus Resistance Resistance to Damage Avoid 
tion Containing Sul High Sulphur to Thermal to Cyclic | by Carbon Catalyzing 
ACI) Oxidizing Reducing pPhur up to 100 grains Content Gases” Fatigue Heating Penetration Hydro 
Type Gases Gases per cu. ft Carbon 
Cracking 
Oxidizing Reducing | Oxidizing Reducing 


HC 1,900 1,700 1,900 1,700 1,800 1,650 Poor Poor Poor Good 
HD 1,900 1,700 1,900 1,700 

HE 2,050 1,700 1,900 1,700 1,800 1,65 Fair Fair Fair Fair 
HF 1,600 

HH 2,100 1,900 2,100 1,900 2,000 Fair Fair Fair“ 

HI 2,100 1,900 2,100 2,000 2,000 

HK 2,100 2,000 2,000 2,000 2,000 Good Good Good 

HL 2,100 2,000 2,000 2,000 2,000 

HT 2,100 2,000 1,900 1,600 NR Good Good Good 

HU 2,100 2,000 2,000 1,900 NR Good Good Good 

HW 2,050 1,900 »,000 1,600 NR Excellent Excellent Excellent 

HX 2,100 1,950 2,000 1,950 NR Excellent Excellent Excellent 











* Values lower when service is intermittent. ASTM Tables on Cast Heat-Resistant Alloys 
"NR not resistant 


© Resistance improved when Si 1.5 to 1.70 percent 


Table V—Relative Corrosion Resistance Characteristics 





Resistance to Corrosion 
by Salts Resistance to Corrosion by Molten Metals 
ACI 
Type Drawing High Alumi Mag Type Soft Bab- Anti- Cad 


and Tem- Neutral Cyaniding | Speed Tin Zinc num (nesium Metal Solder bitt mony mium 
pering Salts 


HC Poor NR Good 
HD NR Poor 
HE NR NR 
HF Good‘ NR NR Good* Good* 
HH Fair Fair Fair Good NR NR 
HI NR NR 

Good Good Good NR NR 
HL ts NR NR 
HT Good Poor® Good Good Good‘ NR NR Poor Poor Poor Good* 
HU Good Poor” Good Good Good* NR NR Poor Poor Poor Good* 
HW | Excellent Poor® Excellent Excellent | Good‘ NR NR Poor Poor Poor Good* 
HX | Excellent Poor® Excellent Excellent Good‘ NR NR | Good" 











NR not resistant ASTM Tables on Cast Heat-Resistant Alloys 
* Will give satisfactory service with proper salt control 
© Up to at least 650 F * Up to at least 1300 F * Up to at least 775 F 


from the straight chromium grade to under some conditions up to 2,150 | General Information 
the 66 percent nickel alloy More resistant to sulphur attack than Machinability All of the nickel 
HC and HD. Used in some furnace — the high nickel low chromium grades, chromium-iron alloys are more difficult 
operations up to 2,000 F, and in cther these alloys are especially resistant to 
applications where the atmospheze con reducing atmosphere conditions 
tains a high concentration of sulphur HT and HU. These grades have atop slow speeds and heavy feeds 
They are not suited for conditions of limit in air at about 2,100 F. Thev are 
fluctuating temperature, or where high good furnace alloys having good r 
load carrying capacity is required. sistance to oxidation and relatively 
HE and HF. The HE grade can be’ good resistance to carburization and 
used up to 2,050 F, under conditions of carbide precipitation 
fairly high sulphur atmospheres. The HW and HK. They should not be used 
HF alloy can be used for many applica- in atmospheres containing any appre- 
tions at temperatures up to 1,600 F ciable amount of sulphur. The upper 

; , ore References : 
HH, HI, HK and HL. They can be _ temperature limit in air is approximate “Heat Resistant and Corrosion Resistant Alley 
used in a wide range of high tempera ly 2,100 F. These alloys are used exten- Castings in Industry,” International Nickel Co 


_ ° Sept. 1952. 
ture applications. They have good sively under conditions of nitriding, “Data on Corrosion and Heat Resistant Steels 


. ; . . and Alloys—Wrought and Cast,” Special Tech 
scaling resistance up to « 000 F, and reducing gases and oxidation nical Publication No. 52-A, ASTM, May 1950 


to machine than the carbon or low alloy 
steels. Machining is usually done at 


Welding The high chromium-low 

nickel alloys have relatively poor weld 

ing properties. These alloys containing 

from 8 to 20 percent nickel have fairly 

good weldability, and the high nickel 

grades—from 33 to 68 percent nickel 
can be readily welded 
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From: LITERATURE SURVEY 


Checklist: Applications of Metals and Their Alloys 











Atomic 
Number Element 
89 Actinium, Ac 
13 Aluminum, A 
vo Americium, Am 
51 Antimony, St 
33 Arsenic, As 
ai Barium, Ba 
97 Berkellum 
‘ Beryllium, Be 
53 Bismuth, Bi 
Boron, B 
48 Cadmium, Cd 
20 Calcium, Ca 
9S Californium 
58 Cerium, Ce 
Cesium, s 
<4 Chromium, Cr 
27 Cobalt. Co 
20 Copper, Cu 
69 Dyspersium, D 
6S Erbium, Er 
63 Europium, Eu 
87 Francium, Fr 
64 lolinium, Gd 
Gallium, G 
od Germantum, G 
79 | Gold, Au 
72 Hafnium, Hf 
67 Holmium, Ho 
49 Indium, 1 
7 Iridium, I 
6 Iron. } 
| Lanthanum, La 
S Lead, Pt 
Lithium, I 
Lutetium, Lu 
Magnesium, Mg 
Manganese, Mtr 
sv Mercur Hg 
‘ Molybdenum, Mo 








Melting 
point 


I 


167 


300 


350 


520 


200 


610 


490 


83 


3.430 


380 


O81 


280 


2,012 


$100 


367 


204 


300 


Description 


Radioactive. transitional element 


Density is 4 to 1/3 that of other 
common metals. Good corrosion re- 
sistance. High thermal! conductivity 


Radioactive 


Hard and brittle with a silver white 
metallic luster 


Gray crystalline, brittle 
Highly toxic 


element 
Sft metal that tarnishes easily, 
toxk 


Radioactive, artificially made 


High temperature light metal 
roxie qualities 
rin-white low temperature metal 


Antiacid 


Hard. crystalline material with higt 
heat and electrical! resistance 


Blue-gray corrosion-resistant 
metal. Soft 


Soft white. ductil 


rodes rapidly 





light Cor- 


Radioactive. artificially made 


Soft, ductile, spark producing 


Highlv active as its single remote 
electron is easily removed 
Silver-white. corrosion 
Good conductor 


resistant 


High strength, oxidation resistance 
at elevated temperature 


High ductility and 
Chemically tnert 


conductivity 


Rare earth group 
Rare earth group 


Rare earth group 
spectrum 


Brilliant spark 


Alkali type metal. Radioactive 


Rare earth group. High absorption 
of slow neutrons 
Liquid above 86 F but has high 


boiling polat 


Low densit high 
juctor 


hardness sem 


con 
Very ductile and malleable 

Twice weight of zirconium, higt 
electron emission 


Rare Eart! 








Malleable and ductile. Ls 
strength 


Ductile, common rare eartt 


Heavy, soft 


malleable metal of low 
ensile strength 


Very light 
with alr : 


metareacts rapid 
i water 





Rarest of rare earths 
weilg ent strength- 


weight ratio, good conductor 


, 


Soft, malleable and duc 


Liquid at 
excellent 


room temperature, toxic 
conductor 

High silver 
white appearance 


temperature meta 


Application as a pure me tai 


For therapeutic use 


Cooking utensils, wire and cable for elec- 
trical transmission, paints, reflectors 


Experimentally used as an electroplate for 
corrosion resistance 


By-product of U fission 


Atomic energy use as atomic-pile moderator 
alpha-ray emitter, X-ray tube ‘‘window."’ 


Ductile wire and strip 


Hard, fusable oxidation-resistant coatings 
on high temperature metals 

Used to plate Fe and brass. When heat- 
treated is harder and adheres better than 
Ni 


Reducing agent in securing U, and other 
reactive metals from ores 


By-product of U fission 


Pure meta! just being separated. Mischmeta! 
about 50% Ce 


Coating light 
vapor 


meters and rectifiers of cosium 
Corrosion resistant, decorative plating 


Used in the making of high temperature 
superalloys 


Wire and cable for electrical transmission 
and bollers, pipes, gutters, leaders 


Special thermometers and as liquid medium 
in continuous mass spectrometers 





as plating for jewelry and corrosion 


provectior 


Lubricant for bearings and dies. Coating 


for metal-ceramic surfaces 


Wrought iron. Base meta! for steel 


Mischmetal about 20 percent La 


Chemical 


needed. Covering 


equipment whe 
t 


inertness is 


r elec cable 





Scavenger in liquid metals 





Degasification of tubes 
military pyrotechnics 


protection of steel 


photo flash and 
sacrificial anodic 


High damping capacit 


High density and low vapor tension fits it 
for use in barometers, thermometers, mer- 
cury vapor lamps, mercury bollers 

Radio and X-ray tubes 
light bulbs: electrica 
coated forgings and wire 


support wires in 


resistances; silicon 


Application as an alloy 


Luminous 4ials of instrument panels of 
planes, ships, tanks 


With Mn, Mg, Si for sheet, rod. tube ang 
other fabricated forme for transport 
tion and construction industries 


Increase fire resistance of plastics a 
cloth. With lead for batteries, ammu 
tion, etc 


Used to increase hardness in the Cu and 
Pb alloys 


Filler for paint, rubber goods 
and lithograph inks 


plast 


Increase strength of corrosion-resistagl 
copper and nickel alloys 


Low melting alloys for sprinkler systema 
safety plugs and solders 


As ferroboron, reducing the use of allo 
in low-alloy steels; atomic reactor con- 
trols 

In fusable alloys, aluminum 
atomic power controls 


solders, 


Small amounts strengthen and harde® 
lead. Control grain size of Mg ingots 


As Mischmeta! in flints, some steels, cast 
iron, Mg alloys 


Main alloving element in stainless steef, 
Also in high temperature alloys 


Used to form Alnico magnets with A 
and Ni. High temperature tools and 
parts. 


With Zn for brass and Sn for bronzé. 
Basis for extensive series of alloys 


Experimentally in tow melting solders, 
metals. low temperature dies 
With As for transistors, low 
diodes. Low melting gold alloy 


power 


With Cu, Ag, Zn 
jewelry 


Ni for coinage and 


Low melting, corrosion resistant glass 
adhering solders and alloys 


With Pt and Au to make crucibles, and 
other laboratory articles 


With carbon and other elements to make: 


steel and cast irons 


With Ce eases rolling and forging of high 
alloy corrosion and heat resistant 
alloys 


ro make pewter, shot, solder, type metal 
and fuse metal 


Alloying element in Mg. Refrigerants for 
air conditioning. As Li salts in soaps and 
greases 


With Al, Zn, Mn, Zr, Ce 
alloys as sheet, tube 
aircraft 


in structural 
rod and shapes for 


Make Mn stee! which is hard, tough ste? 
but easily rolled and forged. Removes 
impurities In steel. Alloying element ip 
many metals 


Forms alloys with many metals called 
analgons. Recovery of Ag and Au: 
reducing agent with Na 


Make some steels resistant to chemical 
action as well as hard. strong, tough 
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Atomic | 
Number 


60 


93 


a 


40 





*Also kno 





nels of 


ibe and 
sport 


sistagl 
‘stems 


allo 
ir con 


older 


“tural 
es for 


| Stee? 
noves 
‘nt ip 


alled 
Au; 


mical 
th 


7 METALS AND ALLOYS 





Atomic Weight 
Number Element ib ‘cu in 


60 Neodymium, Nd 
Neptunium, Np 


Nickel, Ni 


* Niobium, Nt 


Osmium, Os 


Palladium, Pd 


Platinum, Pt 


Plutonium, Pu 


Polonium, Po 
Potassium, K 
Praseodymium, Pr 
Promethium, Pm 
Protactinium, Pa 


Radium, Ra 


Rhenium, Re 


Rhodium, Rh 


Rubidium, Rt 


Ruthenium, Ru 
Samarium, Sm 
Scandium, 5 


Selenium, Se 


Silicon, = 


Sodium, Na 


Strontium, Sr 


Tantalum, Ta 


rechnetion re 


rellurium, Te 


rerbium, Tt 


Thallium, ‘I 


Thorium, Th 


rhullum, Tm 


ritaniun 


Tungsten, W 


Uraniun 


Vanadium 


Ytterbium, Yt 
Yttrium, Yt 
Zinc, Zt 


conium, Zr 


Melting 


t . , 
poin Description Application as a pure metal Application as an alloy 


Rare earth group 


Mischmeta! about 18 percent Nd 
Radioactive. 


Hard. corrosion resistant. ductile 


metal With Cu to make thermocouples, ele 


trical resistance 


| 
| 

Electroplating of parts | Alloying agent for steel, adds strengt! 
| 

Highly stable, scarce meta Laboratory 


uses Small amounts in high temperature 


super alloys of steel; stabilizing stainless 
stee 
High density me of platinum Combines with O to furm Osmie acid. Oxi 
group; good oxidizer dizing agent used to stain and harden bio 
logical materials 
Soft, malleable, metal of the pla Electroplating and as electric ontacts 
tinlum group and electrodes 
High density, corrosion and oxida- | Electrical apparatus, X-ray tubes, glass t Au 
tion resistant metal Nfber dies, and as a catalyst. Thermocouple o torn 
wire and industrial uses 
Radioactive, fissionable Manufactured artificially by U fission for 
use in atomic energ 


Radioactive Source of neutrons, tons 
Soft, highly reactive alkali meta 
Rare Earth Mischmetal about 6 percent Pr 


Rare earth—artificially made By-prod 


I ict 


Radioactive 


Base of measurement for radio t - i " r Wit Zt for iminous dia 
activity 


Heavy, silver-gray met 


Hard, Pt group metal 
Reactive al i metal 

Pt group member hard 

meta 

Rare earth group —oxidizes slowly 
in air 


Rare—only recently isolate« 


Semi conductive photo-sens ve 


brittle metal 


Hard, fair conducto 


heat corrosion resist 7 Aig ‘ or magne 


resistant 


ent conductor of electr 


heat. Malleable, ductile 


family photoe 


good temper 


corrosion resistant 


semi conducto 


Rare earth group 


radioac 


rrosion 


sion resistant 


Higt melting point 


r 1 t 
ese nce ittle 


Radioactive fissional 


rystall 


Rare eart! 
Rare eartt 


Hard, crystalline brittle 


resistance to atmospheric 


High permeability to neutr 





*Also known as Columbiur 
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Table I—Properties of 430 Chromium Stainless Steels vs AISI] Type 302 





AISI STAINLESS TYPE 430 430F 430T 302 


Free Machining 
NOMINAL DESIGNATION Basic 17% Cr 7% Cr Stabilized 17% Cr Basic 18 Cr-8 Ni 
Not heat treatable Not heat treatable 





COMPOSITION, PERCENT 


Carbon ‘ 0.12 max 0.10 max 0.08 to 0.20 
Manganese 1.25 max 1.00 max 2.00 max. 
Silicon ” 1.00 max 1.00 max 1.00 max. 
Phosphorus : 0.07 min. 0.04 max. 
Sulfur 0.07 min 0.03 max 
Selenium 0.07 min 

Mo or Zr 0.06 max 

Chromium 14.00/18.00 14.00/18.00 16.00 / 18.00 17.00 to 19.00 
Nitrogen Ti: 0.30 to 0.70 Ni: 8.00 to 10.00 








MECHANICAL PROPERTIES 


Sheets and strip, annealed 
Tensile strength, psi 75,000 65,000 90,000 
Yield strength, psi 45,009 45,000 40,000 
Elongation in 2 inches, % 25 30 50--55 


Rockwell hardness B- 80 B-78 B-85 





Bars, annealed 
Tensile strength, psi 75,000 80,000 85,000 
Yield strength, psi 45,000 55,000 35,000 
Elongation in 2 inches, % 30 25 60 
Rockwell hardness 155 190 150 
Endurance limit, psi 40,000 45,000 34,000 


Bars (1”), cold drawn 
Tensile strength, psi 85,000 90,000 100,000 
Yield strength, psi 75,000 80,000 60,000 
Elongation in 2 inches, % 20 15 
Brinell hardness 
Endurance limit, psi 46,000 48,000 


45 
212 








EFFECT OF TEMPERATURE ON PROPERTIES 


Creep strength, annealed, psi (1% set in 
10,000 hr 
1,000 F 8,500 17,000 
1,100 F 4,300 12,000 
,200 F 2,200 7,000 
,300 F 1,300 4.000 
500 F 


Maximum service temperature (in air), F 
Continuous 1,500 1,500 1,500 1,600 
Intermittent 1,600 1,600 1,550 1,450 


Low-temperature ( 320F) properties, annealed 
Tensile strength, psi 65,000 220.000 
Yield strength, psi 38,000 85,000 
Elongation in 2 inches, % 37 
Izod impact, ft.-lb 35 75 





WORKING AND HEAT TREATING TEMPERATURES 


Initial forging, F 1,900 / 2,050 1,950/ 2,100 2.100 /2.300 
Finish forging 1,300/1,400 1,300/1,400 1,700 /1,750 
Full annealing, (cooi slowly from 

Low annealing, (cool slowly from 1,400/1,500 1,250/1,400 

Hardening, (cool rapidly from none none 

Tempering 








PHYSICAL PROPERTIES 





Annealed 
Modulus of elasticity in tension, psi 29 x 10 
Density, pounds per cubic inch 0.28 
Specific electrical resistance at room tem 

perature, microhms/cm /sq.cm 60 
Specific heat, Btu/hour/ F(32 to 212F 0.11 
Thermal conductivity, Btu/ hour/sq ft/F 

at 212F l 

at 932F 1 


5.1 
2 


Mean coefficient of thermal expansion /F 
32 to 212F 5.8 x 10-° 10-* 96x10 
32 to 600F 6.1 x 10-° 10 99x10 
32 to 1,000F 6.3 x 16 3x10 10.2 x 10 
32 to 1,200 F 6.6 x 10-' x 10 10.4 x 10 
Melting point range, F 2,600 / 2,750 2,600 / 2,750 2.550 /2.590 
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Table Il—Mechanical Properties of Type 430 Fusion Welded Joints} 





Base Metal 
Type 


Welding 
Process 


430 Oxy-acetylene 430 


Metal-Arc 430 
308 


Inert-Arc 430 


308 
Metal-Arc 308 


Inert-Arc 


Filler Metal 
Type 


None 


Tensile Test Results 


Condition 
Prior to 
Testing 


Ult Tens 
Str,-psi 


As welded 
Annealed 
As welded 
Annealed 
As welded 
As welded 
Annealed 


72,400 
68,200 
76,000 
73,900 
76,100 
74,400 
72,000 


As welded 
As welded 
As welded 


74,400 
71,800 
70,700 


Elong 


25.6 
25.0 


Guided Bend 
Location Test. Deg 


of Fracture 


*HAZ 15 
*HAZ 50 
*BM & WM 15 
*BM 180 
*BM 85 
*BM 38 
"WM & BM 180 


*BM 
*BM 
"WM 


85 to 180 
180 
180 





tThese figures are the results of specific spot tests and 


are not necessarily to be regarded as the rule 


* HAZ —Heat Affected Zone, BM—Base Metal, WM—Weld Metal 


From SPECIAL REPORT OF THE COMMITTEE 
OF STAINLESS STEEL PRODUCERS, AISI. 


How to Use and Fabricate 
Type 430 Stainless Steels 


Grades available, mechanical and physical properties, com- 


parison with austenitic types, 


and methods of fabrication 


and welding. Tips on substitution for austenitic types. 


In the few the demand 
for austenitic grades of stainless steel 

particularly the 18-8 chrome-nickel 
type—has grown tremendously and 
been a crucial factor in the drain on 
limited nickel supplies. 


years, 


past 


As a result, some users are switch 
ing to martensitic or straight chromium 
grades of stainless. Others would do 
so, except for problems of design, 
fabrication, and welding. Actually, 
successful use for automotive and archi- 
tectural trim, combustion chambers, 
packaging machines, processing equip 
ment and many other assemblies and 
components has proven the adaptability 
of straight chromium grades, provided 
proper consideration is taken of their 
properties 


Design Considerations 


While there are many types of 
chromium steels, to date the grades 
most valuable as an alternate for AISI 
Type 302 are Type 430, free machining 
Type 430F, and Type 430T, a titanium- 
bearing alloy with good welding quali- 
ties, Table I. These alloys most nearly 
approach the popular Types 302 and 
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chromium-nickel stainless in 
strength, corrosion, resistance, weld 
ability, and workability. 

Mechanical Properties—In the an 
nealed condition, one of the principal 
differences between 302 stainless and 
130 grades is in ductility. The elonga 
tion value of Type 302 is almost twice 
that of Type 430. In the 17 percent 
chromium grade, the smaller spread 
between the tensile and yield strength 
reduces the range of plastic deforma 
tion. Thus, in forming operations Type 
130 generally can be reduced 20 to 25 
percent in the first draw and about 15 
percent in subsequent draws, but duc 
to its wider plastic range, Type 302 
can be reduced up to 40 percent in the 
first draw (see fabrication). 

The temperature at which the prod 
uct will be used is another factor that 
must be taken into consideration. Type 
302, unlike most metals, remains duc 
tile at extremely low temperatures 
Conversely, the fracture exhibited by 
Type 430 changes from a ductile to a 
brittle type slightly below room tem 


505 


perature and therefore this grade is not 
recommended for low temperature us 
where impact resistance 1s a factor 


Handbook 


Performance at high temperatures is 
Type 
scaling and oxidation up to 1,550 F. Its 
low expansion 


better 130 resists destructive 
and its 
high chromium content causes the tight 
protective scale formed under oxidizing 
onditions to be retained on the metal 
surface. When equipment goes through 
extended heating and cooling, flaking 
is reduced and life extended to an ap 
preciable degree 

Nevertheless, Type 430 and its modi 
fications do not have the high strength 
at elevated temperatures that is char 
the 18-8 stainless steels 
Chromium stainless also has a tendency 
to become brittle at room temperatures 
after prolonged operation at 800 to 
1,000 F. Actually grain growth is th 
critical factor in the use of chromium 
high 
and grain size is a function of elevated 
temperature and the time the metal is 
held at that temperature 

Magnetic Propertie Unlike the 
18-8 stainless the 17 percent 
chromium types are magnetic Depend 
ing on the exact analysis of the steel 
annealed permeability may vary from 
400 to 1,900 compared to a 1 
mum for annealed Type 302 

Because of its magnetic 
Type 430 and its modifications should 
not be specified ror applications where 


coemhicient ol 


acteristic of 


stainless steels at temperatures 


steels, 


O2 maxi 


prope rties 


a non-magnetic material is needed such 
as in panels between bushings and 
transformer coil supports 


Corr ion Resistan rype +> 








Table Lil—Spot 


and Pulsation Welding Recommendations 





Electrode 














Weld 
Diameter Time 
and Shape* 60 cps Approximate Approx. 
Spot Welding Current, Diameter) Mini- Mini- 7 
Thick- _ = Sin le Amp. of mum mum Minimum Shear Strength in 
ness of | | f Net is 4 Fused Weld (Contact- Pounds Based on Ultimate 
Thinnest | >. © Veh Elec- Pulse. ’ Zone, Spac ing Tensile Strength of Metal 
Outside trode $0 in. ing,** | Overlap 
tion 
Piece ‘ ‘ Force, 15 Cycles Tensile Tensile in in. 
in Inches Ibs. ~ ~ | Strength Strength 
6 Fn Below Above 70,000 to 90,000 to Above 
Min. D Max. d < 150,000 150,000 90,000 150,000 150,000 
in Inches in Inches off psi psi psi psi psi 
SPOT WELDING 
0.006 3/1lo 3/32 180 2 2,000 2,000 0.045 3/16 3/16 60 70 85 
0 008 3/16 3/32 200 3 2,000 2,000 0.055 3/16 3/16 100 130 145 
0.010 3/16 1/8 230 3 2,000 2,000 0.065 3/16 3/16 150 170 210 
0.012 4 1/8 260 3 2,100 2,000 0.076 4 4 185 210 250 
0.014 \4 1/8 300 4 2,500 2,200 0.082 4 4 240 250 320 
0.016 4 1/8 330 4 3,000 2,500 0.088 5/16 4 280 300 380 
0.018 4 1/8 380 4 3,500 2,800 0.093 5/16 4 320 360 470 
0.021 \4 5/32 400 3 4,000 3,200 0.100 5/16 5/16 370 470 500 
0.025 3/8 5/32 520 5 5,000 4,100 0.120 7/16 3/8 500 600 680 
0.031 3/8 3/16 650 5 6,000 4,800 0.130 lg 3/8 680 800 930 
0.034 3/8 3/16 750 6 7,000 5,500 0.150 9/16 7/16 800 920 1,100 
0.040 3.8 3/16 900 6 7,800 6,300 0.160 5/8 7/16 1,000 1,270 1,400 
0.044 3.8 3/16 1,000 s 8,700 7,000 0.180 11/16 7/16 1,200 1,450 1,700 
0.050 Ly 4 1,200 8 9,500 7,500 0.190 zr ly 1,450 1,700 2,000 
0.056 ly 4 1,350 10 10,300 8,300 0.210 7/8 9/16 1,700 2,000 2,450 
0.062 ly i 1,500 10 11,000 9,000 0.220 1 5/8 1,950 2,400 2,900 
0.070 5/8 i 1,700 12 12,300 10,000 0.250 1-1/8 5/8 2,400 2,800 3,550 
0.078 5/8 5/16 1,900 14 14,000 11,000 0.275 1-4 11/16 2,700 3,400 4,000 
0.094 5/8 5/16 2,400 16 15,700 12,70C 0.285 1-3/8 M 3,550 4,200 5,300 
0.109 M4 3/8 2,800 18 17,700 14,000 0.290 1-4 13/16 4,200 5,000 6,400 
0.125 \ 3/8 3,300 20 18,000 15,500 0.300 2 7/8 5,000 6,000 7,600 
PULSATION WELDING 
0.156 1 4,000 4 20,700 17,500 0.440 1-7/8 1-4 7,600 10,000 
0.187 1 > 5,000 5 21,500 18,500 0.500 2 1-4 9,750 12,300 
0.203 l 5/8 5,500 6 22,000 19,000 0.530 2-1/8 1-5/8 10,600 13,000 
0.250 l 5/8 7,000 7 22,500 20,000 0.600 2-3/8 1-%4 13,500 17,000 





* Use 10 angle for pulsation electrode 


** Minimum weld spacing is that spacing for two pieces for which no special precautions need be taken to compensate for shunted current effect of 
adjacent welds. For three pieces increase spacing 30 percent 


stainless and its modifications are less 
corrosion resistant in some media than 
the chromium-nickel types 

In the absence of actual service data. 

is strongly recommended that cor 
rosion investigations be conducted be 
fore replacing Type 302 with Typ« 
430. On projects involving major in 
estments in tooling, design time, and 
materials money can often be saved by 
testing a prototype which has the same 
kind of joints and is fabricated in the 
same way as the product 


Fabrication Considerations 
Welding—High 


tures Cause 


hromium steels, and for this reasor 


welding te mpera 


grain growth in straight 
Type 430 should be welded by methods 
that heat the metal fast. However, due 
to a low coefficient of expansion, warp 
age is low, and the material's higher 
thermal conductivity helps diffuse heat 
from the weld zones 

Actually, Type 43 
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welded by any method except forge 
welding, but joints may be somewhat 
brittle at room temperatures. This is 
true for the following reason: On heat 
ing, martensite forms around the grain 
boundaries. Annealing in the neighbor 
hood of 1,400 to 1,500 F tempers the 
martensite and thereby partly alleviates 
the brittle condition, but it will not 
correct grain growth, and the weld is 
not restored to the full ductility of the 
base metal. The use of Type 430T 
improves weld ductility, since titanium 
inhibits the formation of martensite 
Inert gas shielded arc welding is 
usually specified for sheet or very light 
plate. High rates of travel speed can 
be obtained with this process and the 
amount of fused metal held at a mini 
mum: and the low heat input along the 
joint minimizes the structural change in 
the nearby metal. An even more rapid 
type of welding is atomic-hydrogen 
arc welding which is used in corner 
joints and edge welds on thin sheets 


Product Engineering 


But it is metal-arc welding that is 
most widely specified. Metal-arc weld 
ing with a coated rod is handier with 
thicker pieces requiring filler 

As a rule, the oxyacetylene or gas 
torch welding process is not recom 
mended for joining either Type 430 or 
Type 430T. It requires too much heat 
ing of the base metal. Result: consider 
able grain growth in the weld zon 
plus martensite formation. Table II 
shows that despite annealing, the prop 
erties of the oxyacetylene welded joint 
are little improved 

When filler metal is required, it is 
suggested that either a Ty pe 308 coated 
electrode or a 308 bare rod be used 
depending on method 
310, or 347 can also be specified. Thes« 
chromium-nickel materials provide a 
tough, ductile weld metal in place of 
the comparatively brittle Type 430 weld 
metal, but welds made with chromium 
nickel stainless filler rods cannot be 
color blended to 17 percent chro 


Ti pes 309 
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mium stainless sheet by polishing. In 
case color matching is important, Type 
430 weld metal must be used. 

In making either flash-butt or upset- 
butt joints, the shortest welding time 
and lowest current possible should be 
specified. The current carrying jaws 
should be as small as possible yet large 
enough to permit adequate flashing or 
upsetting. In this way the amount of 
metal which reaches a temperature high 
enough for grain growth to occur is 
held to a minimum. The upset should 
be generous enough to insure a cleai 
sound weld. 

Spot welding has the same advan 
tages for joining straight chromium 
stainless as when used for other mate 
rials. Recommendations, as established 
by the American Welding Society, on 
electrode shape, machine setting, ard 
weld spacing are listed in Table III. 

Corrosion resistance of Type 430 
spot-welded joints deserves attention 
Under some conditions, folds or 
crevices around the joint afford a point 
attack. This so-called 
bleeding or staining can be minimized 
through cleaning and electropolishing 
to remove scale as well as surface 
roughness. 

All weld seams, regardless of how 
made, should be ground or machined 
until smooth, clean, and free of surface 
discontinuities. This prevents corro 
sion-sensitive crevices from forming 
Of course, a crevice may be part of the 
joint itself (edge joints, lap joints, 
etc.) or it may occur accidentally when 
a fusion weld is undercut. 

Brazing and Soldering 


for corrosive 


Chromium 
stainless steels can be copper or silver 
brazed, but silved brazed joints should 
not be exposed under water or in moist 
atmospheres nor should soldered joints 
be depended upon for mechanical 
strength 

To solder Type 430, the surfaces to 
be joined must first be roughened. A 
stainless steel flux and a solder with a 
tin content over 50 percent should be 
employed. It is especially important 
to remove all traces of soldering com 
pounds after soldering to prevent cor 
rosive attack. This can be done by 
washing the joints with a sodium car- 
bonate solution (1 Ib soda to 1 gal 
of water). 

Drawing—As previously mentioned, 
Type 430 stainless steel can be drawn 
into deep intricate shapes, but less 
severe drawing operations and more 
frequent anneals are necessary. To 
prevent grain growth, annealing should 
be performed in the 1,400 to 1,500 F 
range, and never higher than 1,550 F 

When converting to Type 430, it 
may be necessary to increase blank size 
over that used for Type 302, because 
the chromium grades of stainless tend 


to stretch locally and require more 
metal to be flowed into the die. A 
flange should be retained on the shell 
to prevent severe stresses and cracking 
of the side wall as the part ages. 

Because of directional properties, 
the flange on round parts may some- 
times draw into so-called “ears.” This 
directionality may also result in a 
“ropy’’ texture on the surface of drawn 
parts. Also, Type 430, like mild steel, 
will also show “‘stretcher strains” in 
some draws, but these can be prevented 
by using temper stock. 

Drawing is easier if the stock is 
warmed before working, and some 
manufacturers suggest that blanks be 
dipped in boiling water immediately 
before drawing. Clearances between 
the punch and die should approximate 
those for mild steel—somewhat less 
than those allowed for 18-8 stainless 
Radii should be more liberal, may even 
be double those customary for 18-8 
And dies should be designed for a 
spring-back allowance of from 2-3 
times that specified for mild steel 

Usually No. 2 strip finish (No. 2D 
sheet finish) is specified for drawing. 
Type 430 is a sharp yielding material 
and will show strain lines if No. 1 
finish soft temper strip is used 

Swaging, coining, blanking, and 
‘hearing: In general, these operations 
present no particular problem when 
converting from Type 302 to Type 430 
stainless. It must be remembered, how- 
ever, that stainless steels cannot be 
sheared with the clearances used on 
ordinary steels. Chromium-nickel stain- 
less must be cut almost clear through 
since it does not srap off or break as 
easily as other materials. Chromium 
stainless steel, however, will break 
after being cut through to 50 to 75 
percent of its thickness. For annealed 
stainless, the capacity of a given shear 
will be from 50 to 75 percent the thick- 
ness that the shear can handle in mild 
steel. And as a general rule, the shear 
should have a capacity in mild steel 
four or five gages heavier than the 
stainless being sheared 

Bending: The 17 percent chromium 
stainless steels tend to show directional 
properties with reference to the dire 
tion in which the strip is rolled 

Bends of 90 degs on material 18 
gage or lighter usually give no trouble, 
but if the radius is sharp, “orange 
peel’ may show at the outside of the 
bend. This can be lessened by specify- 
ing an inside radius of at least one 
metal thickness. If the material is 
heavier, the inside radius of a 90 deg 
bend should again be at least a metal 
thickness. 

Bends of 180 degs on material 
lighter than 18 gage can usually be 
made if the bend is across the direction 
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in which the strip is roiled. If the 
bend is parallel to the rolling dire 
tion, the inside radius of the bend 
should be at least one metal thickness 

Bends of 180 degs on material 
heavier than 18 gage require a radius 
of at least two metal Pry scans if the 
bend is across the rolling direction, and 
at least four, if it is parallel to the 
rolling direction 

Machining: Type 430 stainless is 
easier to machine than Type 302. Even 
so, there is a tendency of the chip to 
gall or build up on the cutting edges 
or radii of the tool. These conditions 
can be reduced greatly by using tools 
sharply ground to a fine finish 

Turning tools should be ground with 
a side rake of 8-15 deg to allow for 
freedom of cut; a bright top surface 
on the tool will prevent chip build-up 
For drilling operations, the normal 
drill point of 118 deg should be 
changed to 140 deg. It also may be 
necessary to use a chip breaker 

Threading tools should be ground 
with 10 to 15 deg back hook to ease 
the cutting pressures and improve the 
machined surface. The use of sulfurized 
recommended for all 
threading operations 

Stainless Type 430F has the best 
machining characteristics of the stain 
materials 
quite successfully on automatic screw 
machines. Like Type 430, it cannot be 
hardened by heat-treatment. It can be 
annealed to around 170 Brinnell, but 
best machinability is obtained at ap 
proximately 228 Brinnell 

Recommended practice is to follow 
machining operations with immersion 
in a solution of 10 to 20 percent nitric 
acid and 2 percent copper sulphate held 
at 140 to 160 F. This removes con 
tamination by small particles from the 
tool and prevents dulling of the stain 
le ss surface 

Finishing Operations: Type 430 and 
its modifications are not difficult to buff 
The rolled finish of these 
is often 


cutting oil is 


less steel It is being used 


and polish 
with only 
this par 
s not available in Type 
302, finishing operations may prov 


satisfactory 
a superficial buffing. Since 
finish 


alloy 5 
ticular 


more economical 

Abrasive polishing, however, may bx 
more expensive especially if the sheet 
formed 


ropiness 


severely resultant 


stretcher strains and 


has been 
require 
extra grinding for their removal. Fabri 


cators intending to obtain unpolished 


sheets from the mills and complet: 
polishing in their own plants should 
realize that removing defects from th 
Type 430 surface will take 25 to 30 
percent more time than for an equiva 
lent gage Type 302. Even so, Type 430 
stainless steels develop a higher color 


than can be produced on Type 302 
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New 


Ideas 


in 
Composite Metals 


JEROME OTTMAR, 


Vice Pr 


sident, General Plate Division 


Metals and Controls Corporation 


Metallurgically bonded metal 
binations can be used to overcome many 
of the engineering limitations of single 
metals and to conserve critical and high 
cost materials. Practically 
malleable metals 


com 


iny combina- 


tion of in now b 


produced 


Aluminum Base Materials 


Copper clad alumiuum is one of the 
most interesting aluminum base com 


posites. Advantages are lightweight, 
high thermal and electrical conduc- 


tivity, and a surface that can readily be 
soldered or electroplated If clad only 


on one side, the metal alleviates gal 
vanic corrosion in many electrical ap 


plications since the copper side can be 
used against a copper terminal and the 
iluminum side turned toward an alu 
ninum conductor 


Tin-clad and zinc-clad aluminum 
have only recently been put into pro 
duction. These materials have the basic 


haracteristics of aluminum, and pro 
ide a nonporous surface of tin or zin 
for use as a soft solder base 
Lightweight contact components re 
quiring no fle xing are fabricated irom 
aluminum—the silver sur 
face layer being a preferred contact 
material. In this instance, weight is 
minimized and the overall material cost 


silver clad 


is reduced since precious metal is used 
nly at points of contact 


Alumium pase metal can de speci 1e¢ 
Al I tal be specified 
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to keep the weight of wave guide tub 
ing to a minimum. A fine silver lining 
with a polished surface provides efh 
cient electron transmission. Silver-lined 
aluminum tubing can also be supplied 
with a thin layer of copper clad to the 
outside of the tube to facilitate soft 
soldering operations. Equivalent silver 
lined brass tubing is also manufactured 


Ferrous Base Metal Composites 


Aluminum clad steel has excellent 
corrosion resistance and heat-reflective 
and heat-resistant properties, and is be 
ing used for such components as heat 
exchanger tubes, liners and component 


parts for space heaters, water heaters, 


and ranges, aircraft fire walls and 
toaster inner parts 
Aluminum-clad low carbon = steel 


strips are used to replace pure nickel in 
many The material is 
economical and further cost reduction 
is obtained by the elimination of the 


electron tubes 


carbonizing operation required on some 
nickel parts. The clad material is sup 
plied with a matte finish that provides 


maximum radiation properties after 
parts are “blackened” by firing. The 


radiation coefficient of the “blackened 
material is 85 percent of a black body 


Stainless-Clad Metals 


Stainless-clad 


copper posse ses l 
much higher thermal conductivity than 
solid stainless and prevents the forma 

Product 


Table |—Properties 





Type Yield 
Condition Strength, 
ard = psi, 0.2% 
Cu Al Cu 40 % Red.) offset 
10 90 Soft 5,700 to 
7,100 
4 
Hard 18,500 to 
21,400 
4 
5 90 5 Soft 5,700 to 
7,100 
Hard 19,900 to 
22,800 
4 
”) 80 Soft 6,400 to 
7,800 
Hard 22,800 to 
25,600 
“ 
1¢ 80 10 Soft 6,400 to 
7,800 
a 
Hard 22,800 to 
25,600 
30 0 Soft 7, 100 to 
8,050 
Hard 24,200 to 
27,000 
15 0 15 Soft 7,100 to 
8,050 
Hard 25,600 to 
28,500 
Aluminum Soft 5,000 
4 
Hard 21,000 
Copper Soft 11,000 
Hard 46,000 





tion of hot spots at the point of heat 
concentration. A 25/50/25 thickness 
ratio of double-clad stainless on coppet 
provides an apparent lateral conduc- 
tivity higher than solid copper. In ap- 
plications such as jet engine or gas 
turbine components, exhaust manifolds, 
and similar parts, the copper core in 
creases lateral heat flow and prevents 
hot spot formations which might cause 
racking or buckling 
Stainless-clad alumium 
high thermal and corrosion resistant 


Its further developinent 


also has 
prope rties 
shows promise for many applications 

Stainless-clad low carbon steel is a 
low cost combination and is used in 
applications requiring the corrosion 
resistance of stainless steel. 

In some bearing 
aluminum bearing alloy is 
but its low strength makes it unsatis 
factory. A new composite metal con 
sisting of aluminum bearing alloy clad 
to a steel backing metal provides the 
required strength and fatigue resistance 
and yet maintains the aluminum alloy 
properties on the bearing surface 


applications, an 
de sirable 


Spring Metals 


New composite materials for spring 
components include material consisting 
of grade C phospher bronze integrally 
bonded to both sides of a copper core 
for conductive-spring members 


This new composite metal is of 
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Tensile 
trength, p 


12,800 tc 
15,600 


25,600 tc 
28,500 


12,800 te 
15,600 


25,600 t 
28,500 


14,200 tc 
17,100 


27,000 t« 
30,000 


14,200 to 
17,100 


27,000 t 
30,000 


17,100 t 
19,900 


28,500 t 
32,800 


17,100 t< 
19,900 


+ 28,500 tc 


32,800 
13,000 
24,000 
35,000 


55,000 









ties 


Yield 
ength, 
0.2% 
offset 
700 to} 
},100 

“ 
500 to 
1,400 
700 to 
',100 
900 to 
2,800 


$00 to 
,800 


800 to 
5,600 


" 
+00 to 
',800 


“ 
800 to 
5,600 


4 
100 to 
|,050 
200 to 
7,000 


100 to 
,050 


600 to] 
8,500 
,000 
1,000 
1,000 


5,000 
—_—— 








irious Grades of Copper-Clad Aluminum 
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increase the conductivit) 
member and still not increase its cross 
In turn, for 
conductivity, a reduction in 
tional area and savings in material or 


of the spring 


sectional area any given 


Cross-sec 


space are obtained. A 25/50/25 thick 
ness ratio has been predominant to 
date 


Copper clad to one or both sides of 


hardenable carbon steel is one of the 
latest composite metals put into pro 
duction for spring applications. This 
material compares to beryllium copper 


in many respects, but with somewhat 

lower fatigue resistan Its primary 

advantage is lower cost 
Also, the stiffness is 


opper-clad hardenable 


higher for 


steel than for 
beryllium copper 


are fuse clips, thin blad« 


Typical applications 
or spiral type 
springs, and clips used for electrical 
ed 
In other applications, a thin 
layer of copper down to 5 percent of 
overall material thickness provides a 
tor 
In these instances, the 
thickness of the copper cladding layer 
need only be as thin as 5 percent of 
the overall thickness of the 


connectors not subject to frequent 


arcing 


good surface decorative electro 


plated finishes 


material 


Rare and Precious Metai Cladding 


Zirconium, titanium, tantalum, and 


other similar rare metals are chara 


terized by excellent corrosion resistance 
1 high melting point, light weight 
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preferred 
Their use 
because of their high cost and the diffi 
culty of joining them 


rare 


years 


for specific applications 


has been limited, however 


A composite metal, consisting of the 
metal bonded to a common bas« 


metal, provides a material that preserves 
the surface qualities of the rare metal 
lowers the 


overall material cost, and 


simplifies the joining problem. Tita 

nium-clad 

nickel 

that have been successfully bonded and 

offer possibilities for engineering and 
‘ 

product 


steel and zirconium-ciad 


are two typical combinations 


applications requiring the 


specific properties of these rare metals 
Platinum, gold, silver, and their 
alloys clad to less expensive and 


stronger base metals have been used by 
the art and jewelry industries for many 


These materials are finding in 


creasing use in industry for crucibles 
electrical 


contacts and many related 


ipplications 
Techniques ot manufacture make it 


possible to supply base materials with 
a precious metal (or other metal) strips 
positioned at practically any location 
The stripe can be positioned as an in 
lay, edge-lay, or thru-lay 
contact applications, a material is used 
where the stripe of preferred metal is 
bonded to the top surface of the base 
to form a rib-like strip that is raised 


For electrical 


ibove the base metal surface. 


Base metal wire with a silver or 


Handbook 


Vick. hardness Coefficient Erichsen Erichsen 
Tensile 100g load, sheet 0.020 in Heat of linear Elec Elec test, Cu test Al 
trength, psi % Elonga Modulus of Density conductivity expansion resistivity cond outside outside 
tion elasticity, psi gm /cc cal (cm /sec x10-* ohms /mil % IACS sheet sheet 
Al Cu Cc 0-100C f 0.020 in 0.020 in 
12,800 to 31-28 33 70 10,400,000 3.33 0.54 23.3 16.2 61-63 6.5 6.3 
15,600 
25,600 to 7-5 47 105 
28,500 
12,800 to 31-28 72 10,100,000 3.33 0.54 23.3 16.1 61-63 
15,600 
25,600 to 5 107 
28,500 
14,200 to 33-30 33 70 10,800,000 4.0 0.58 22.5 15 64 66 6.9 € 
17,100 
27,000 to 5 46 105 
30,000 
14,200 to 33-30 70 10,250,000 4.0 0.58 22.5 15.2 64-66 
17,100 
27,000 to 5 105 
30,000 
17,100 to 36-34 33 69 11,500,000 4.5 0.62 21.8 15.1 68-69.5 6.9 ¢ 
19,900 
28,500 to 8-6 4 104 
32,800 
17,100 to 36-34 0 10,550,000 4.5 0.62 21.8 14.4 68 -69 
19,900 
+ 28,500 to 8-6 105 
32,800 
13,000 35 + 
9,800,000 
24,000 5 49 2.71 0.52 23.8 17.6 6.4 
35,000 3€ 52 10.4 100 
16,000,000 
55,000 105 8.93 0.92 16.8 5 
greatest value where is desirable to and other properties which make them _ gold layer on the outside has been pri 


juced and marketed for several years 


Thermostat metals 
types of composite 


oft two 


afte 


Nickel 
lmnvancs base 
illoy 


nations to pri 


nar 


nd a high expansion side 


with 


siral 


acterized 


Thermostat Metals 


or more 


ring rates 


and ct 


metals arc 


thermostat 


, t ; 
mny action 


t¢ m} 
action 1S pr 
select on 


Product 


Lead- 


by 


erature 


, 
one of the older 


materials consists 
metals or alloys with 
ol thermal 


iromium 


c xp insion 
alloy steels 
and 


various 


alloys copper 


used in com 
metals 
expansion sid 
The 


} rovV des 


wide composite 
a low 
result 
composit 
when subjected to 
The 


ed termine d by appro 


extent of 


of the mating met 


we rus 


Engineering 


Clad Metals 


id-clad steel and le id clad coppe! 


ly manufactured 


two recent con 

metals Lead lad steel combines 
$ immunity to certain chemicals 
steel's strength and is a very de 


le material 


sulphuric acid 


bines lead’s aci 
high ele 


] 


This latter mate 


| 


J 


trical an 


for the handling of 
Lead clad copper col 
resistance and copper s 
1 thermal conductivity 
rial is useful for appli 


cations requiring the heating and cool 


ing 


of sulphur 


ic acid, or to provide 


improved discharge current for anodes 


placing solid lead anode 5 
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Table I1—Partial List 
of Powders and Their Uses 









Powders 


Aluminum 
(granular) 


Bismuth 


Cadmium 


Copper (granular) 


Copper base alloys 


Iron 





Manganese 


Nickel 


Silver 


Solder (tin-lead) 
Sn variation +1, 


Tin 


Zinc 


End Uses 


Cold solder, putty 
caulking compounds, rub- 
ber compounds, chemical 
formulations, plastics, iron 
and steel foundries. 


Pyrotechnics, chemical 
formulations, X-ray and 
radiation control. 


Chemical formulations, 
contacts-electrodes, plas- 
tics, greases, plating, X- 
ray and radiation control. 


Rubber compounds, 
chemical formulations, 
bearings, brazing, con- 


tacts-electrodes, corrosion 
resistance, motor brushes, 


filters, friction disks, 
clutches, brake linings, 
machine and ordnance 


parts, printed circuits. 


Rubber compounds, bear- 
ings, brazing, filter- 


screens, friction disks, 
clutches, brake linings, 
machine and ordnance 


parts, special solders. 


Chemical formulations, 


bearings, friction disks, 
clutches, brake linings, 
machine and ordnance 


parts, welding rods. 


Rubber compounds, chem- 
ical formulations, bear- 
ings, brazing, friction 
disks, clutches, brake 
linings, machine and ord- 
nance parts, anti-fouling 
paints, pigments, X-ray 
and radiation control. 


Pyrotechnics, chemical 
formulations, grinding 
wheels, welding rods. 


Chemical formulations, 
bearings, contacts - elec- 
trodes, filters-screens, fric- 
tion disks, clutches, brake 
linings, machine and ord- 
nance parts, grinding 
wheels, welding rods, iron 
and steel foundries. 


Chemical formulations, 
corrosion resistance, anti- 
fouling paints-pigments, 
plastics, plating, radiant 
heating, printed circuits- 
conductive surfaces. 


Grinding wheels, auto and 
truck bodies, radiators- 
heating units, jewelry, 
special solder. 


Chemical formulations, 
bearings, friction disks, 
clutches, brake linings, 
machine and ordnance 
parts, grinding wheels, 
jewelry, special solder. 


Pyrotechnics, chemical 
formulations, corrosion re- 
sistance, special solder. 





Chart courtesy of Metals Disintegrating Co. 
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Powdered Metals—' 


The properties being obtained and the parts now 
being produced by the powder metallurgy process 
indicate that the field has moved from the gadget 
to the industry stage. Here’s a summary 

of significant developments .. . 


adapting them to your products.* 


The old concept of wher 


tals could be used in industry—for 


powar red 


all, simp! , relatively low strength 
chanical and electrical parts pr 
luced in quantity at a cost of a few 
S ri has been super led | 
l tS that 
Enabl porosity oO ) iried 
W un wid limits not of b 
tw 1 differen ymmponents I 
thro oho th S¢ of is 
part 
Allow production of parts hav 
1g structures that can be used t 
lt aiftuse SC} ira or I 
‘ iS 
Enable production—by infiltra 
f alloys after sintering—of 
s having strength ay 
roaching that of wrought 


*BISI Symposium on Powdered Metallurgy 
Michigan Powdered Metal Products Handbook 
Product Engineering 

Basic Materials Conference 


Product 






fe 


Amplex Division, 
Chrysler Corp. 


Fig. 1—Powdered metals have the 


4 





and ideas for 


i—Result in alloys having the prin 
ipal characteristics of the two 
or more metals from which they 

are produced 

Permit forming and sintering in 

1 single operation. (Sec Product 


Eng neering 1953 Handbook ) 


Lubricated Components 


Self-lubricating bearings, Fig. 1, are 
pressed from metal powders, such as 
opper and tin, to which is added small 
percentages of graphite and volatile 


ganic compounds. These bearings 


when pressed are not solid metal but 


ossess a controlled porosity that can 
jual 40 percent by volume. Oil is 
d in the bearing by imp regnation 


npres 


annels between 
pores act aS a reservoir for the oil 
| 


pply and also act as channels through 


ifter sintering so tiny ct 
th 


which the required amount of lubricant 
drawn to the bearing surface by 
ipillary action. The rate of flow in 


uses with bearing heat 


A relatively new type self-lubri 
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cating bearing, Fig. 2, is the oil well 
Oil or grease is impregnated 
sintered metal by 
fills the cavity as well as the | 
the metal body. This results in a 
oil content than is possible in 


into the 
static pressure and 
Ores 1n 
greater 
conven 


tional bearings 


Porous Components 


Metal powder filters, Fig. 3, are b 


ing used to meet the demand for in 
creased performance and higher quality 
filtering and screening where paper 
cloth, and other fragile filtering mat 

rials are not Filter mate 
rials are being used to: 1) filter gaso 
line, air, oil and other fluids; 2 


Satisfactory 


) diffuse 
streams of liquids and gases: 3) s¢ pa 
rate liquids having different surface 
tensions; 4) meter or control the flow 
of gases and liquids; 5) acts as a flame 
barrier on equipment used in Or near 
explosive gases; and 6) act as a sound 
damper on equipment with 
noise level 
Currently, most powder metal filters 
made These 
and 
mechanical properties are used in ait 
craft, chemical, automotive and petro 
leum fields 


eExCeSSIVE 


of bronze filters be 


their low 


are 


cause of cost excellent 


In instances where corro 
sion factors are severe, stainless steel 
filters are usually specified. Some other 
metal powde rs that can be used as filter 
materials are nickel-silver 
copper 

Filters made of bronze and stainless 
steel, Table II, have good mechanical 


strength, ductility and shock resistance 


iron, and 
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They are not fr 


hence can be “‘siz 


press fitting oper 


iable or brittle 


ed” or installed 


ation 


Sweat-cooled Components 


Another unusual use of | 
metals are for components that 
to be sweat-cooled. A con pon 


sweat cooled when the 
forced through the pores of the 
towards the surface exposed to th 
source. The coolant emerges a 
surface and forms a heat insulating 
layer and cools the compon 
eV aporation 

For components using the s 


Table 1l—Grades and Properties, Bronze 


ywder 
have 
n 


ooling fluid 1s 


ft 








Y 1g principal, porosity 1s one of the 
f } rameters. A deter unation ol 
th apparent density is insufficient a 
t is essential to know if the voids ar 
rconnected. This information cat 
be obtained only by flow tests. Or 
flow tests have been made th porosity 
in be linked to the tensile streneth 
Fig. 4, shows the effect of porosity or 
the tensile strength ror various 
rials. A stress-strain curve, Fig. 5, i 
shown for a porous and solid 18-8 
stainless steel. The modulus of elas 
ticity of the porous material is 6.5x10* 
psi. The apparent reduction in E is 
haracterist of porous metall mat 


and Stainless Steel Filters* 
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Practical Den 
Material Size of Particles Min Tensile | Elonga sity Poros 
Filtered Out, Thick- Strength, tion ity 
in ness, lb/cu 
Type Grade in psi percent in Percen 
Coarse 0.002 to 0.005 & over 0.090 
Bronze Medium 0.001 to 0.002 & over 0.060 4,000 to ; 0.165 45-50 
6,000 
Fine 0.0005 to 0.001 & over 0.040 
Coarse 0.0004 to 0.0006 & over 0.060 15,000 2 0.191 20-30 
10-15 microns 
Stainless 
Steel Fine 0.00016 to 0.00024 & 0.060 15,000 2 0.191 10-30 
over 
4-6 microns 
*Based on Oil “cea i? D Chr r { 





w Uses May Surprise You 
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Fig. 5—Stress-strain curves for a por- 
ous and solid 18-8 stainless steel ma- 
terial. Curves are based on a porosity 
of 40 percent. 
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Fig. 6—Fatigue properties of porous 
copper. Specimens were formed at 
pressures of 45 tons/sq in. and sin- 
tered and annealed at a temperature 
of 1,382 F. for 16 hours. 
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Temperature F 200 400 600 800 1,000 


Fig. 7—Comparison of high tempera- 
ture tensile properties of SAP and XF 
18S-T61 material. 


rials. Data on porosity vs mechanical density and porosity of parts made 
properties of powdered metals are still from iron base sinte red powders can be 
experimental and further experiments varied by changes in chemical com- 


are needed to support these conclusions. position or finishing treatment. Table 
Little data are available for such _ III and Fig. 8, illustrate these changes 
properties as fatigue strength, creep Powder metallurgy is especially 


and the effect of temperature on the adaptable to the forming of parts that 
mechanical properties in general. A would be prohibitive in cost by other 


knowledge of the fatigue and creep methods. The spur gear, Fig. 9, was 
properties of sintered metallic proper originally a stamping requiring 12 
ties is essential in the design of gas operations. As pressed, the only ma 
turbine components where sweat-cool chining operation is to burnish hole 
ing is most adaptable Formerly hobbed, bevel gear, Fig. 9, 

Fatigue data for some copper powder __ is now pressed and all machining oper 
forms are shown in Fig 6. These forms ations eliminated. Mower pinion, Fig 
were all cold-pressed, sintered and re- 9, was a casting and then finished ma- 
pressed, and re-sintering produced th chined. As a powder metal part no 
innealed specimens machining is necessary and wearing 

Some data for pure aluminum pow quality is improved. The pole piece, 


der are available. A fatigue limit of Fig. 9, was stamped laminations that 
8 000 psi at 200x10® cycles is given had to be assembled. The pole piece 


for a form pressed at 50 tons sq in 


now requires only one machining op 
ind sintered in nitrogen at 1,100 F for 


; 7 I 
eration with better uniformity of ele 


1 hr. The ultimate strength is 17,000 trical characteristics 

20,000 psi with an elongation of 19-35 

percent. The fatigue strength of fused Alloys 

aluminum is 7,500 psi at 20x10® cycles A strong, high temperature alum 
Applications of powder metals using inum alloy called SAP (Sintered 


the sweat-cooling principles appear to Aluminum Powder) has recently been 


be in gas turbine components, such as leveloped and has attracted much at 




















blades, and other units that are sul tention. This produ t shows good po 
jected to a stream of hot fluid or tential for use at tet ratures of 800 I 
subjected to intense radiation ind represents a major temperatur 
; ncrease over oth mperatur 
Machined Components lion allove 
Powdered metals allow the forming SAP is produced from fine alumi 
of many parts to finished dimensions num powder by a combination of cold 
or allow a great reduction in the nun pressing, hot pressing, and extrusion 
ber of machining operations, with practice. It can be cold or hot worked 
strength values approaching those of nto sheets, shapes or drop forgings. Is 
the wrought metal. The strengtl ymposition it lent to 
— , r ’ 7 
120}+—— — 
100 — 
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Tensile strength, psi X 10° 
o 
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20 ! 
Oensity-Gm/ce 5.5 6o 65 7.0 7.56 8.0 
gets Michigan Powdered Metal Product: 
Fig. 8—Ultimate tensile strength of iron base sintered powder. Values can be 


changed by density value or heat treatment of the material. 








Table HI—Values for Various Iron Base Sintered Powders 














Chemical Composition 


Physical Properties 
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mercial 2S aluminum but it contains 
between 10 and 20 percent by weight 
of aluminum oxide. Table IV lists typi 
cal room temperature mechanical prop 
erties. The strength and ductility prop 
erties can be varied by changing the 
amount and distribution of the oxide 

Exposure to temperatures, Table V, 
as high as 900 F for as long as 100 hr 
results in a smaller change in the room 
temperature tensile properties as com 
pared to other aluminum powders, Fig 

Reason given is that the finely dis 


persed oxide phase inhibits 


I 


grain 





growth and recrystallization. In general 
the strength and creep resistance of 
SAP at 600 F are as much as two to five 
times greater than those of convention 
al aluminum alloys. The fatigue prop 
erties are generally superior to those 
of aluminum at temperatures greater 
than 400 to 500 Fahrenheit. 

The potential importance of SAP as 
a structural material has provided a 
stimulus for the application of its basi: 
principles to the development of other 
alloys. Studies are underway with such 


metals as nickel, cobalt, titanium and 














Michigan Powdered Metal Products 
Fig. 9—Powder metallurgy allows the forming of many parts at reduced costs. 
For example, adding machine gear left; bevel gear, top center; lawn mower 


Total 
other Ra 
Iron, elements Hard- 
min Copper max Tensile ness Density | Porosity 
Description percent | percent | percent | min, psi! Min. gm/cc | percent 

Iron base sintering for applica- 25,000 

tion to bearings under Type to 

II, Class B, SAE spec. and 32,000 

for structural parts 85.4 6.0-12.5 3.30 28 5.7-6.2 18-25 

32,000 

Iron base sintering for wear to 

resistant structural parts 85.0 2.5-15.0 4.0 45,000 30 5.8-6.3 15-22 
Iron base sintering, copper 

infiltrated for structural parts 42,000 

where porosity is not of prime to 

importance 68 15.0-27.0 4.5 55,000 50 6.9-7.4 10-14 

50,000 

Same as above except for higher to 

strengths and density 68 15.0-27.0 4.5 80,000 50 7.1 7 6-12 

Compr luce r a 0.005 in. offset ‘ 


magnesium, 
ment in the high temperature strength 
properties may result 


Metals and Non-metals 


Several examples can be cited: 
a) The addition of cobalt powder 
to high speed cemented carbide cut 


ting too 


Com 
pression * 
min, psi 


40,000 


49,000 


70,000 


20,000 


] 
is 


b) Current c 


the electrical industry, where copper 


] 


and graphite are combined to obtain 
the conductivity of copper with th 
lubrication of graphite 


and a 




































Remarks 


Can be 
followed by 
treatment 


carburized 
heat 


Can be carburized 
followed by 
treatment 


heat 


Can be heat treated 
by carbonitriding 
and by precipita 
tion aging 


Can be heat treated 
by carbonitriding 
and by precipita 
tionaging. Capable 
of strengths to 
100,000 ps! 


decided improve 


lec tor brush¢ Ss for 


rr 





Table 1'V—Mechanical Properties 
__of SAP at Room Temperature 


Yield strength, psi 32,000- 
(0.2 percent offset) 36,000 

Elongation, percent 8-10 

Reduction in area, percent ) 10 - 12.7 


Tensile strength, psi 





50,000 











Tempera. 
i : 


; 


72 


932 


Table V—High Tem: 
Properties of SAP 





ture 





Tensile 
ps 


a a | ee  ] - 





Yield 
Strength psi| Elongation 
(0.2% offset)| % in 2.0 in. 




















(e) Rolled strip is annealed in 
atmosphere furnaces. This annealing strip 
may occur during any stage of the rolling 
process or after precision roiling on the 
Sendzimir mill. 

(d) Precision slitting can be done rapidly 
to tolerances as close as +0.001 in. in widths 
from 0.125 to 9 inches. 

(e) On the Sendzimir mill, which uses 
work rolls iess than \% in. in dia, 0.002 in. 
strip from the 4-high mill can be rolled to 
0.0005 in. with tolerances as close as 
+0.0001 inch. 


Paper- Thin 


MONROE SHERMAN 


thin metals. A wide variety of metal 


President, American Silver Co strip can now be rolled to thicknesses 
down to 0.0005 in. and to toleran 

THE EMPHASIS On miniaturization of is Close as +0.0001 inch 
omponents in the electronic, aviation, Metals now processed in close toler 
instrumentation and allied industries ances thin gage strip include 
has created a need for metal strip 1. Aluminum alloys 
rolled to thin gages and to high pre Copper base alloys brass 
cision tolerances. The development of bronze, beryllium copper, phosphor 
new forming techniques has increased _ bronze, nickel silver 
the availability of the se materials and 4. Ferrous metals low and high 


thus 
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added impetus to design with 


carbon steels; stainless steels; chrome 


Product 


Metals— 


ron alloys: nickel-iron alloys; chron 
molybdenum - iron alloys; obalt 
| 


nickel-iron alloys 


{ Nickel-base alloys—nickel, m« 
nel, Inconel, high nickel permanent 


magnet alloys 


5. High temperature alloys 
6. Molybdenun tantalun 


nium, zirconium 
7. Precious metals 
These metals are 


widths up to eight inches and in thick 


produc ed in 
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Availability 


nesses down to 0.0005 inch. Gen- 
erally gage tolerances as close as 
+0.0002 in. are held on thicknesses 
from 0.010 in. to 0.006 in.; tolerances 
as close as +0.0001 in. are held on 
thicknesses below 0.006 inch. 

There have been two major bottle- 
necks to the availability of this thin 
metal-strip—(a) the smallness of the 
quantities required and (b) the lack 
of equipment to roll the very thin and 
rtp tolerance gages. 


Product Engineering 


Stimulates Desi gn 


As an example of the quantity 
problem, to make 100,000 dia- 
phragms for an electronic instrument 
requires only about 50 pounds of metal. 
Such a quantity especially if required in 
a.short time, would usually be refused 
by commercial mills. Even if the exist- 
ing equipment could roll the metal to 
the required size the order would not 
warrant the inconvenience of interrupt- 
ing normal schedules to set up the 
appropriate machinery 


- 1954 Annual Handbook 


Uses for Paper-Thin Metals 

Currently the major uses for very 
thin metal strips are in the instrumenta 
tion, electronics and aircraft industries 
Pressure vessel bursting disks, dia- 
phragms and magnetic cores are typical 
examples 

One recent development has been 
the construction of small, thin gage 
cores for high frequency magnetic am- 
plifiers or “flip-flop” magnetic com- 
ponents in computer applications. In 
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the latter application circuit develop- 
ment had reached the point where 
there was no available magnetic ma- 
terial thin enough to reverse its mag- 
netism with the required rapidity. 
Satisfactory results are now obtained 
with 3 percent silicon-steel and 79-4 
Permalloy rolled to thicknesses down 


to 0.0008 inch. Even in these thin 
gages the important magnetic prop- 


erties of high permeability and low 
coercive force are restrained. 
this ultra-thin material 
have also been made by using ceramic 
spools on which the slit material is 
wound. The magnetic material and 
the spool are annealed as a unit at the 
temperature required to obtain the 
desired magnetic qualities. Only a 
turns of steel are used on each 
spool, but these are well insulated 
Windings are applied by a toroidal 
winding machine 

There have been some purely com 
mercial developments in the use of 
these cores, notably for economical 
purposes. Typical examples include 
the use of 0.0005 in. cores in the 
deflection yoke of a commercial tele 
vision receiver, and the incorporation 
of these cores into the design of the 
transmission for the receiver 

Another interesting application is 
the use of precision-rolled phosphor 
bronze in the manufacture of ultra 
low-torque potentiometers, which are 
designed for use as transmitters in 
indicating or control (servo) circuits 
The phosphor bronze is rolled down 
to 0.0016 in. to a_ tolerance of 
+(.0001 in., with a cold reduction of 
11 B&S numbers. Ultra-low-torque 
potentiometers supply torque as low 


Cores of 


rew 


pe wer 


resistance as low as 
50 ohms and as high as 125,000 
ohms, rotation that is electrically con- 
tinuous, resolution as high as 1 part 
n 2,500, output voltage from 0 to 
100 percent of and 


as 0.003 oz-in.. 


input voltage, 


linearity as close as 0.5 percent 


Instrum 


nts of this type are in use 





in servomechanisms, computers, and 
telemetering devices of all kinds. Ap- 
plied to altimeters, gyros, pressure 
gages, air-speed indicators, accelerom- 
eters and compasses, they become elec- 
trical transmitting units capable of 
directly operating remote indicating, 
recording, or controlling equipment 
The small size, weight, and force input 
have permitted designers to miniaturize 
assemblies which formerly were too 
bulky. 

Beryllium copper is used in Air 
Force and Army and Navy type mani- 
fold pressure gages—when the metal 
strip has been rolled to exceptional 
thinness and tolerances. These gages 
are designed to indicate the pressure 
in the intake manifold of an aircraft 
engine. The precision-rolled beryllium 
copper functions in the all-important 
diaphragm assembly. 

A prominent instrument manufac 
turer is using ultra-thin metals in the 
fulcrum springs on combination fur 
nace controls and snap switches. Thin 
rolled Monel is used by a wire cloth 
manufacturer to make the metal clips 
on the ends of refrigeration dryers 
And precision rolled stainless steel 
strip stock is utilized by still another 
company to make micro ball-bearing 
retainers 

There is a growing demand for a 
shim stock rolled to 


steel precision 


Table I—Reduction Schedule 
Type 302 Stainless Steel, Annealed 





at 0.008 in. 
Pass |Thickness, in. | Percent Reduction 

0 0.0080 

l 0.0050 37.5 
2 0.0040 20.0 
3 0.0030 25.0 
4 0.0026 13.3 
5 0.0022 15.4 
6 0.0018 18.2 
7 0.0014 22.2 
7 0.0012 14.3 
9 0.0010 16.7 








thickness tolerances. Some companies 
have changed their manufacturing 
methods to take advantage of these 
new micro-shims. Manufacturers, for 
example, who once machined parts to 
within 0.001 in. tolerance by expen- 
sive precision grinding, now produce 
the same parts to commercial toler- 
ances and make up the difference with 
micro-shims in increments of 0.0002 
in. with a tolerance of +0.0001 in 
High accuracy can be obtained with 
considerable cost savings 

This micro-shim stock is made from 
low carbon steel conforming to AISI 
C 1010 specifications. It is rolled on 
precision cluster mill equipment to 
gage tolerances of +0.0002 in. on 
thicknesses from 0.010 to 0.006 
inch, and +0.0001 in. on thicknesses 
0.006 inch The shim stock 
is furnished with a thin and uniform 
film of oil in single 6 by 100 in. steel 
rolls 


be low 


metal field, thin 
savings where precious or 
hard-to-get materials are required. A 
low cost base meta! can be clad with 
a thin strip of the specific metal re 
quired for the surface qualities desired, 
such as corrosion resistance, electrical 
properties or thermal conductivity 


In the clad 
promises 


strip 


Other uses for precision metal strip 


include decorative trim, instrument 
paneling, flow regulators, permanent 
magnet assemblies, variable condensers, 
locator parts, and telemeter and gyro 
parts. Thin beryllium copper strip is 
being used on radar jobs and on sound 
rolled 
nickel alloys are being applied to jet 
aircraft, heat treating and chemical in 


dustries 


recording machines; precision 


Design possibilities exist for these 
very thin metals wherever a product 
must be made smaller or lighter, where 
precious or hard-to-get metals are re 
quired, or where special magnetic and 
electrical qualities are needed. Avail 


ability will lead to new uses 


nama 


Fig. 3—(Left) This exceptionally low-torque potentiometer for indicating or control circuits uses thin, high-precision 
phosphor bronze strip. (Right) The micro switch utilizes 0.0005 in. thick beryllium copper strip for its contact springs. 
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HIGH TEMPERATURE METALS 
... The NACA, in a report prepared 
by W. H. Woodward, recently took a 
look at some of the newer high tem- 
perature materials being used for air- 
craft 

Bucket Alloys Current turbine 
buckets are well illustrated by S-816 
a forging alloy of 20% chromium, 
20% nickel, 44% cobalt, 3.75% co 
lumbium, 4% molybdenum and 4% 
tungsten. Molybdenum shows promise 
from a strength viewpoint at 
higher temperatures than encountered 
on today’s engines but has low oxida 


even 


tion-resistance 

['wo approaches are being followed 
to remedy this deficiency. One is to 
boost oxidation-resistance through ad 
ditions to the metal. This poses diffi 
most of the 
such as aluminum, chromium, nickel 
and titanium, cut strength, at 
the amounts needed to 


ulties because additives 
least in 
improve OX! 
lation-resistance 

The second approach is through a 


suitable protective coating. No ads 
quate coating yet has been developed 


i 
metallic. Also, 


there is some question of relying on a 
once the 


either ceramic or 


oating because coating 1s 
high tempera 


as readily as a match 


broken molybdenum at 
res will oxid Zz 
burns. The solution may be a compro 


muse the combination of a partially 
resistant alloy and a protective coat 
ing 


s| he chrome base alloy group alsu Is 
alloys with high 
(60-90%) 
nickel and other elements 

With these, the problem is to get 
enough ductility. The answer appears 
to be in getting pure, ductile 


4 iis’ } 
=) 
alloys 


under consideration 


chromium content plus 


chrom 


ium for use in these 


As an intermediate step, a number 
of alloys have been developed in the 
two nickel 
hrome-molybdenum makeup primari 


ly. They were | 


past years. These have 


into the pic 
ture because of the pressure to elimin 


and 


brought 


ate cobalt columbium. These al 


loys -are similar to Nimonic 90—a 
British alloy with 20% chromium, 
55.5% nickel, 20% cobalt, 2.5% ti 
tanium, and 1.20% aluminum 


columbium has _ been 


and the 


T hus, the 
eliminated pared by 
50% when compared to S-816. Th 


cobalt 


further 


American developments have 
[ duce 1, 
ated, the cobalt. But these gains have 
nickel 


and in one case have elimin 


involved twice the amount of 
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tained in the 





Developments to 


Cermets or ceramals 
other of promising high tem 
perature materials. The materials suf 
fer from brittleness and low ductility, 
but offer excellent strength, oxidation 
and thermal-shock resistance. Also, 
their relatively low densities—l4 to 


repre sent an 


C lass 


3, that of high-temperature alloys 
offer a decided advantage in rotating 
parts 

Several experimental turbines now 
being run embody the material. A bar 


rier to be hurdled involves a suitable 


attachment which will accommodate 
the low ductility 

Ceramic aonstituents under study 
nclude titanium carbide, tungster 
carbide, aluminum oxide, molybdenum 
lisilicide and chromium carbide. The 
more refractory metals such as chro 
mium nickel and cobalt are the con 
non metal constituents 
HIGH STRENGTH STEELS 


Use of precipitation hardening stair 
less steels for aircraft applications com 
a tremendous advantage with a 
limitation. The 


high strength; the limitation is ex 


bine 
serious advat tage S 
treme brittleness 

Several companies are 
The October 
Pr duct En gineering discuss¢ . 
practices at the Lockheed 
Corporation. North American Avia 
tion is utilizing several materials 
cluding the following 

17-4 PH—Composition is 16 
percent Cr, 3.5 percent Ni, 3.5 per 
cent Cu, 0.35 percent columbium and 
remainder iron, 
heat-treated to ps 
by precipitation hardening at 850 to 
900 F for 
Has 
used for hoisting eye assemblies, firing 
pins for rockets, and small hydraulik 
cylinders. Essentially a ; 
ing alloy 
PH 


investigating 
these materials 1953 is 


sue of 


7 


and tantalum. Can be 
180:000-210.000 


one hour and air cooling 
low transverse ductility. Being 


bar and forg 


7 7 +7 


( omposition 1s 


percent Al 


cent Cr, percent Ni, 1 
and remainder iron. A sheet and wir 
alloy. Heat-treatable to 180,000 ps 


ultimate tensile strength, 


tensile yield, and 150,000 psi 
sion yield. Heat-treated at 1 
ly, hr air cooled to 60 I 
1,050 F for one hr, and 
Used instead of 14 hard 


150,000 ps 
compres 


i00 F tor 


, Ty pe 302 a 
loy for combined hat sections, frames 
and channels, and 


In wire 


other drawn parts 


he material is ob 
worked 


form 


cold 


condition 
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Watch 


and aged at 850 F for four hr. Used 
n place of music wire 
Stainiess W 


percent cz 


Iron casting alloy con 
taining 17 percent Ni 
and 1 percent Al and Ti. Precipitation 
hardened to 180,000-220,000 psi by 
hardening for one hr at 950 F. Used 


in place of Y, H Type 302 stainless 
when forming is not severe, sinc 
luctility is much lower than 17-7 PH 


All of the above types have suitabl 
resistance [fof 


rosion most aircraft 


pplications 


CLAD SCARCE METALS .. . Eco 


omical corrosion protection and high 
mperature resistance may be obtaine 
by cladding steel backing with titaniun 
intalum and zirconium to spread 0 
il supply litaniun nas aiready 
success! lly applic 1asa id 
iterial as have nickel, Mo Incon 
gnesium. Present commercially avail 
ible backing steels can not be us 
ibove 1,000 F because of scaling, b 
w clad steels under develo 
esolve this yb] 


CONTINUOUS CASTING AND 

EXTRUSION Several of the 

large steel produ rs have been 
rimenting with continuous casting 


| for several years. With develo; 


ne-Sejournet hot 


sion process, tl industry for th 
st time has the opportunity of tear 
g continuous casting with hot ex 
sion to obtain a continuous produc 
tion process. At least one manufacturer 
lloy steels has an installation com 
leted 1 ’ ntal production 
T} Lou ‘ rt t process utilize 
glass as lie lul it instead of gr 
h r oth irl Lceous iterials 
The hot bill f d across a glass 
hib it oO “ ( h xtrusior 
press: glass thus fuses to th xterior 
When a glass irtridg is placed 
igainst the d th Part 1S completely 
arated from tl d by a liquid 
lass film. If th t 1s t hollow 
Ss h as aft b piass OV v Y 5 
sO be pla 1 OV inarel 
The result of this hod of lubr 
s that th s litt lic wea nd 
nsequently k-up of die material 
m the surfa h rt. Both Bohn 
Aluminum and Brass and Babcock & 
Wilcox ha sed this method for ex 
Siro Ort i } ] t r i) f 
» has s tr | | ster 
s steels, molybd nN and va 
rt Crol \ all ry 








Armco Special-Purpose Steels 


STAINLESS 
STEEL 


This stainless stee! paunch truck for meat packers is only 
one of many hundreds of applications of Armco Stainless 
Steels in industrial, institutional, household and architec- 
tural products and equipment. These steels offer excellent 
corrosion resistance, high strength and beauty as well as 
heat resistance up to 2000 degrees F. Produced by Armco 
in more than 30 standard analyses and special types too 
in sheets, strip, plates, bars and wire. 


ZINCGRIP* 


Here is an example of a deep-drawn part of Armco 
ZincGRIP. This special hot-dip zinc coated sheet does not 
flake or peel in severe forming or drawing operations. 
Gives longer protection against yellow rusting in atmos- 
pheric service than equal-weight ‘coating’ on regular gal- 
vanized sheets. Supplied in ZincGriP PAINTGRIP* when 
Bonderized surface is required for immediate painting. 


This adding machine stand is made of welded tubing 
because tubular construction — pound for pound — is the 
strongest known. Armco Welded Steel Tubing is sup- 
plied in round, square, hexagonal, octagonal and special 
shapes. It is readily fabricated, easily and effectively 
joined through fasteners, welding or brazing. Let us help 
you redesign your products around tubing. 


Bakery oven sheathed with porcelain enamel on Armco 
Enameling Iron. This is the same highly-refined iron used 
as a base for regular and acid-resisting porcelain enamel 
in household appliances, formed steel plumbing ware, 
signs, buildings and processing equipment. Porcelain 
enamel is fused to it at temperatures around 1550 F and 
holds the enamel in a lasting bond. 





ALUMINIZED* 
STEEL 


Automotive mufflers made of Armco ALUMINIZED Steel last longer in service 
because they withstand a combination of heat and corrosion. This steel 
sheet coated with molten aluminum by a patented hot-dip process takes 


temperatures up to 900 degrees F without discoloration, and up to about 
1250 degrees F without destructive scaling. Up to 900 degrees F reflects 
80 per cent of the radiant heat thrown against it. Consequently it is widely 
used for toaster interiors, reflectors for infra-red ovens, combustion cham- 
bers and tubes of space heaters, oven liners and many other applications. 
* ® U. S. Patent Office 
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or Cop quality products 


Check the coupon for these free catalogs 


Free catalogs on all Armco Special-Purpose Steels are 
available to design engineers. They contain detailed information about 
the various grades, including sizes and properties. 


Armco Stainless Steels, for example, are described in a 
complete new catalog. In addition to a description of all Th ps Bo P k | et : c on 
types and finishes, the booklet offers detailed corrosion die gUU . ' 
resistance tables, physical and mechanical properties for 


sheets, bars and wire, high-temperature test data and lists 


eines evaliehie. 2. Armco ZINCGRIP and ZINCGRIP PAINTGRIP 
Besides stainless steel products, Armco makes special- 3. Armco ALUMINIZED Steel 

purpose sheet steels for practically every requirement, 4. Armco Cold-Rolled PAINTGRIP 

commodity sheet grades and tubing as well, 5. Armco Welded Steel Tubing 
Just check the various Armco Steels you are interested 6. Surf Finishina of A Stain! 

7. Machining of Armco Stainless Steels 

8. Drawing, Forming, Spinning and Cutting 
of Armco Stainless Steels 

9. Welding and Soldering of Armco Stain- 
less Steels 


10. Heat Treating, Forging and Pickling of 
Armco Stainless Steels 


11. Stainless Fabricating Tips 
12. Armco Extra-Low Carbon Stainless Steels 


in; then check the corresponding numbers on the coupon 


and mail it today. You'll receive your booklet promptly. 


Cut out and mail this handy coupon 


ARMCO STEEL CORPORATION 
4703 Curtis Street, Middletown, Ohic 


Send me the free booklets | have checked. 


STEEL |__2_3_4A__s 


8 9 10 1 


CORPORATION ihc 


NAME 


4703 CURTIS STREET, MIDDLETOWN, OHIO COMPANY 
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QUALITY TUBING FOR YOUR MOST EXACTING REQUIREMENTS 


NIKOH... America’s most modern tube mill... will design 
and produce the right tube for your needs. NIKOH is geared 
for the quantity production of highest quality electric weld 
steel tubing... tubing that consistently meets the exacting 
requirements of industry and government. 


Take advantage of our complete facilities and services. When 
you order steel tubing, always specify NIKOH Quality Tube. 


Write for Illustrated Brochure 


MAY WE QUOTE ON YOUR TUBING NEEDS? 


NIKOH TUBE COMPANY 5000 s. WHIPPLE ST. - CHICAGO 32, ILLINOIS - GROVEHILL 6-6500 
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You don't have 


to shop around... 


Allegheny Stainless 


is produced 


in every form 

















WZ you may need 











You ought to have 
a copy of our 


PUBLICATION LIST 


This 8-page bulletin lists and 
describes all the current pub- 
lications on the principal 
families of A-L Products 
stainless and heat-resisting 
steels, tool and die steels, 
electrical steels and alloys, 
permanent magnet materials, 
and Carmet carbides. There 
is a handy order form for 
your convenience in getting 
the material you soul tech- 
nical and fabricating data, 
information on applicatidns 
and fields of utility, et 
Write for your copy. 


ADDRESS DEPT. PE-47 











B+o 


| frearenten your stainless steel re- 
quirements may be, you can satisfy 
them with Allegheny Metal. 

It’s produced in any grade, form or 
finish you want—from the finest wire 
to heavy plates, castings and forgings, 
including sheets, strip, bars, shapes, 
tubes—everything! 

That's not only handy, but advan- 
tageous: one reliable source, one un- 
divided responsibility, one well-known 


You can make it BETTER with 


Allegheny Metal 


Warehouse stocks carried by all Ryerson plants 


standard of quality and uniformity. 
Complete technical and fabricating 
data—engineering help, too—are yours 
for the asking. Just keep it in mind to 
specify ‘“Aliegheny Metal’’ when you're 
in the stainless market. And remember, 
wherever you use it, Allegheny Metal 
looks better, lasts longer, usually works 
out to be cheaper in the long run 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 
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Builder of concrete mixers has 
good reasons for using U-S-S 
COR-TEN steel construction 


We prefer U-S’S Cor-TENn steel,”’ says 
Mr. Ross Castendyck of the Challenges 
Manufacturing Co Mavwood. Cal 


because of its superior corrosion and 
abrasion resistance as well as its high 
strength. These permit us to reduce our 
Mixer weight 10 to 15 and at the 
same time make it possible to build a 
20°) stronger unit that will stay in serv 


ice at a lower maintenance cost 

We will be glad to show you how this 
superior high strength steel can be most 
economically applied to make your equip 
ment more durable and more efficient 


WHAT IS U-S-S COR-TEN 
HIGH STRENGTH STEEL ? 


U-S-S Cor-T s a ductile, low-carbon ch 
mium-nickel-s on phosphorous steel 
ha ga J nt of 50.000 psi min and a 
strengtl { 70,000 si mir nm thick 
esses and und 
I esistance t abras ’ hock is suf 
structural carbon stee ts fatigue re 
stance-that is ts at t t withstand re 
sted stresses s 60 greater 
What particularly distinguishes U-S-S ( 
I stee s its unusually high resistance t 
atmospheric rrosion—4 t 6 times that of 
ain stee 21 + times that of pper steel 
This property helps to assure the long life and 
w maintenance st t ar eg pment, sub 
t sting which Cor-Ten §stee s 
sed, whether t bta greater durability 
t Jjuce weigh 
U-S:°S Cor-Ten stee s produced n all 
standard products—plates, shapes, bars, sheets 
striy special rid-f ned sections and wire 
Re mmended particularly for application in 


ght and intermediate thicknesses 


NATIONAL TUBE DIVISION, PITTSBURGH 
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u-$-$ HIGH STRENGTH STEELS 





Here U-S-S COR-TEN steel reduces weight 1500 Ibs. 
saves $725 per year in hauling costs. 





By using U-S’S Cor-TENn high strength steel in lighter gages, in place 


of carbon steel, the Beall Pipe and Tank Corporation, Portland, Oregon, 
has reduced tank weight in this 8100 gal. unit by three-quarters of a ton 


fhm 242 gallons of gasoline that ride 
in place of the 1500 lbs. of steel 
saved, are hauled at no extra cost. Each 
of these free-riding gallons prov ides 
about $3.00 per year extra revenue—a 
saving in delivery costs that totals 
$725 annually 

In addition, the lighter weight of this 
equipment pays off for the operator in 
lower license fees, in reduced fuel con 
sumption, in less wear on brakes and 
tires, less wear on the vehicle itself 
And because U’S’S Cor-TEN steel has 
4 to 6 times greater resistance to atmos 
pheric corrosion than plain steel, and is 
more resistant to load surge and road 


vibration, this equipment will stand up 
better and cost less for maintenance 
and repairs 

These savings are typical of light 
weight construction with Cor-TEN 
steel and they are practically all clear 
pront That is because U-S°S Cor-TEN 
steel construction saves weight at low 
est cost —sometimes costs no more than 
heavy carbon steel construction 

By using U-S’S Cor-TEN steel to re 
duce weight, the equipment builder also 
benefits. For by saving weight, he saves 
steel which makes his steel supply go 
further. That’s important anytime 
but especially important now 








UNITED STATES STEEL COMPANY, PITTSBURGH 
TENNESSEE 
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29,725 mine cars have been built 
with U-S-‘S COR-TEN steel 


Why? Simply because U-S’S Cor-TEN steel gives 


equipment the stamina to stay on the job. Wit 
ness this mine car, one of built by C. S. Card 
Iron Works Company and put into service in 
1941 in a western copper mins 

Though designed to be used with a 1 grizzly 
the cars were loaded from a 24” grizzly handling 
chunks of very abrasive ore twice as large as 
they were designed for. Despite this and after 
operating eleven years under highly OrTrosive 
conditions, the cars are still on the job and ready 
for more service although each car has handled 
more than 85,000 tons of ors 

With tougher, stronger Cor-TEn steel not only 
mine cars, but buckets, skips and cages, shovels 
trucks, scrapers, dozers, carryalls, etc. can bs 


built to last longer and do more work 
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You'll find the grade you want.. 
the finis 


A.1.S.1. TYPE US'S DESIGNATION 
300 SERIES SHEETS 
~ — Finish No. 1—No. 2D—No. 2B 
302 U-S'S 18-8 — ee ee 
3028 No. 4—No. 6—No. 7 
303 U-S-S 18-8FM Uateknesses from .010° to .1874 
304 U-S-S 18-85 Widths from 24 to 72 
3041 U-S-S 18-8S C.03 Max Lengths up to 196° in cut lengths 
305 U-S-S 18-8FS , Also available in coils up to 48 
308 U-S-S 20-105 only in unpolished finishes) 
309 U-S’S 25-12 
3095S U-S-S 25-125 PLATES 
31 - 
el - : ; me ll Finishes HR—HRA—HRA&P—No. 4 Finish 
314 uss ae Thicknesses 1875 and heavier 
Se nl be caidas Widths over 10” to 132 
— Lengths up to 480 
316L US'S 18-8Mo C.03 Max 
TS316 
317 US'S 19-9Mo ANGLES 
318 US'S 18-8MoCb Finish HRA&P 
321 U'S'S 18-8Ti Thicknesses from 4" to 1% 
' vs US'S 16-0G Sizes from % x % to8 x8 
$3 Lengths up to 360 
TS347A 
400 SERIES BARS—Rounds, Squares, Octagons, Hexagons 
403 US'S 12 Turbine Finishes HR—HRA—HRA&P—CD 
405 US'S 12AL RT—CG—CG & Polished (Rounds only 
410 USS 12 Sizes from 2 to 8% 
416 US'S 12FM Lengths up to 360 
420 
= ileal SEMI-FINISHED—Biooms—Billets 
430T Thicknesses from 4" to 22 
431 Widths from 4 to 22 
440A 
4408 FLATS 
440C 
442 Finishes HR—HRA—HRA&P—CD 
446 US'S 27 Thicknesses from “eto 2 
Widths from % to 10 
500 SERIES Lengths up to 360 


you want. os 








e« the size you want... 


.. in U°S°S Stainless Steel 


Finishes 


Sizes 
Lengths 


Finishes 
Thicknesses 
Widths 
Lengths 


TUBING 
Finishes 


©. D. Sizes 
Lengths 





PRODUCTS 


WIRE—Coils and Straight and Cut 


Copper, Lead, Tin, Galvanized, Wax, 
Bright, Oil, Soap, Lime 

from .008 to.500 

from 12° to 22 


COLD-ROLLED STRIP—Coils and Straight and Cut 


No. 1, No. 2 
from .010 to .1874 
from “« to 23 


from 12 to 20 


Standard Pickle, Grit No.’s 80, 120, 180 
320 and range polishing 

from “% to 9 

Comparable to other carbon, alloy 


cold-drawn tubing 


All these products are available in the South 
from Tennessee Coal & Iron Division 
and in the West from Columbia-Geneva Steel Division 


—U*S*S STAINLESS STEEL 





SHEETS STRIP PLATES BARS BILLETS PIPE 
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SPECIAL SECTIONS 


ve OB ova. 2 oe 


{TAINLEssS STEEL wire as thin as a 

hair or as thick as your thumb 

. Stainless Steel plates “as big as 
the side of a house”’ . . . Stainless 
Steel pipe and tubing in a wide range 
of analyses and in all commercial 
sizes . . . you get them from United 
States Steel. 

You have the widest possible free- 
dom in selecting the grade, shape 
and finish that fit your design and 
fabricating procedure. And we'll be 
glad to discuss the special orders that 
may go beyond the catalog range. 

Keep in mind, too, the fact. that 
our mills have roll passes for an un- 
usually broad range of sections for 
special applications. New rolls can 
be cut for others if requirements 
justify the need. 

Along with this wide selection goes 
top quality when you use USS 
Stainless Steel—a perfected, service- 
tested material that is made to give 
the finest performance, both in fab- 
rication and in end use. 

You also receive the assistance of 
our representatives in helping you to 
cut fabricating costs and achieve the 
best results through selection of the 
proper grade, size and finish for your 
job. 

For everything you want in Stain- 
less Steel, come to “Stainless head- 
quarters’’— United States Steel. 
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U-S-$ COR-TEN steel gives greater 
Strength and corrosion resistance 
to earth-moving equipment 


In this ruggedly-designed bulldozer 


built by Pullman-Standard Car Manu 


facturing Company, moldboard face 


plates have greater strength and in 
reased corrosion resistance because 
they are made with U-S’S Cor-TEn 


steel. This superior high strength steel 
has been used for many years in all 
sorts of heavy-duty earth-moving and 
materials-handling equipment. Its use 
increases strength due to a 50 higher 
yield point, assures 4 to 6 times the 
tmospheric corrosion resistance of reg 
ular carbon steel, and provides greater 
resistance to impact and abrasion—all 
benefits that can be obtained at abso 


lutely no increase in weight 


UNITED STATES STEEL CORPORATION, PITTSBURGH 


UN iI 


TED 


U-S-S COR-TEN steel increases strength 
and durability of ironer parts . . . 


materially reduces die maintenance costs here 


is lronrite, Incorporated Mt. Clemens, 
Michigan, manufacturers of the Lron 
rite [roner, reports the following results 
since they switched from carbon steel 
to U-S’S Cor-TEN steel for cabinet 
wings and lapboard 

1. They obtain a sturdier, more dura 
ble, longer-wearing cabinet 
U-S’S Cor-TEN steel has a yield point 
50°, higher than carbon steel and offers 
much greater resistance to dents 


bec ause 








In 1933 the first heat of U-S’S High Strengt! 
Steels was shipped to a customer. Since 
then over 2 million tons of these steels that 
do more US'S Cor-Ten, US'S Man 
len and U'S’S Tri-Ten have been pr 

duced. They have been used to make more 


than 170,000 freight cars lighter or stronger 
to build buses lighter and safer t 
reduce weight in trucks so they can haul 
more payload to make mine equipme nt 
and earth-moving machinery stronger and 
tougher to give the farmer sturdy and 


durable tractors and implements. L-P gas 
cylinders, water heaters, and a multitude 
of other products last longer, weigh less 

making them easier to handle 
to ship when made with U’S’S High Strengt! 


and cost less 


Steels. If you'd like to add their money 
saving advantages to your product, write 
United States Steel Corporation, 525 Willian 


Penn Place, Pittsburgh 30, Pennsylvania 





(ee 


oTtAr 













2. Ironer parts have a smoother, more 
even finish, because Cor-TEN steel 
offers much better adherence to baked 
enamel than carbon steel 

3. Their die maintenance costs are ma 
terially reduced. Dies wear longer, re 
quire less maintenance, because U-S’S 
Cor-TEN steel is consistently uniform 
in quality and flows smoothly and 
evenly in the dies 

4. Lapboard and wings are stronger 
yet weigh less. The greater strength of 
U-S’S Cor-TEn steel makes it possible 
to use it in lighter gages than carbon 
steel. This reduces the amount of steel 
required, yet assures greater stiffness 
and durability 















Rubber-curing chamber is lined 
with U-S-S COR-TEN steel to provide 
resistance to deterioration 


Foamex cushions at Firestone Indus 
trial Products Company’s, Fall River 
Massachusetts pl nt ire processed in 
this curing chamber, 340 feet long, 10 
feet wide and 6 feet high. When in op 
eration, steam at atmospheric pressure 
fills the chamber— constant wetting and 
drying induces corrosive action that 
deteriorates ordinary steel construction 
lo overcome this, the manufacturer 
Mechanical Handling Systems, In 

Detroit, Mich., lined the chamber with 
U-S:S Cor-TEn steel, which has 4 to 6 
times the resistance to atmospherik cor 
rosion of plain steel. User is reported 
highly pleased with results 


AMERICAN STEEL & WIRE DIVISION, CLEVELAND » COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCIS 
NATIONAL TUBE DIVISION, PITTSBURGH TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIB 


STATES 


sees 











































10 Years’ Service —Wire-straightening Saves $10,000 a Year—One steel com 
rolls cast from Haynes STELLITE alloy are pen) saves $10,000 a year in down time 
still in good shape after 10 years of service, vy hard-facing tong bits with Haynes 


rRADE-MARK despite severe abrasion. Steel rolls wore Sre.ure alloy No. 6. Steel bits last one hour: 
out every three or four months. hard-faced bits last up to 50 hours 


Alloys 
Combat 





Resist 1800°F.— Used for pack annealing Produce 300,000 Pieces — These forg 





metal parts, the steel container at the left ing rolls, hard-faced with HasTe.ioy alloy 
WEAR eee disintegrated in 20 hours. The Mutter C, produce five times as many brake shoe 
alloy container (right) stood up for 22 keys as unprotected steel rolls. The rolls 
years and was still good for more of this reach a temperature of 900 deg. F., and 


H EAT tough service. the work 1700 deg. | 
eee 
CORROSION 





For descriptive literature on 
any of the Haynes alloy prod- 





ok 


ucts mentioned, or on-the-job 4 to 1 Life in Hot H,SO,—Hasrettoy Corrosion Rete Only 0.007 in. per yr. 
help in solving your problems alloy paddles show no loss in cross section ] his pit kling assen bly made from 
of wear, heat, or corrosion after carrying steel tubing in and out of a HasTe..oy alloy B plate, operates in an ag 
write or phone the nearest pi kling solution for over a year. Othe: itated, heated solution of sulphuric acid. Cor 
District Office materials failed in less than three months rosion rate is only 0.002 to 0.007 in. per year 


Haynes Stellite Company 


A Division of 
Union Carbide and Carbon Corporation 
the fr ass 
iO 
> ; & ee 


snenn coon F4 i, General Offices and Works, Kokomo, Indiana 


; Sales Offices 
/~ Chicago — Cleveland — Detroit — Houston 


ba Les Angeles—New York—Son Francisco—Tulsa 


“Haynes, Haynes Stellite ‘Hastelloy ond “Multimet” ore trade-morks of Union Tee oS i * ‘ - 
Carbide and Carbon Corporation ee a ee ee as | 
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try Bishop . . . specialists 
in materials for 
corrosion resistance 
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@ SIMPLIFY MAINTENANCE 


@ CUT UPKEEP COSTS WITH... Stainless Steel Tubing 
00 


8'' to 1’ OD (Also Nickel, Monel and K-Monel) 


~{/ © | 


of ti \ Mechanical Tubing 
a inum , Capillary Tubing 
(and Platinum Group Alleys) 4” 
YY y roe 
. Fabricated Stainless 
NN Hypodermic Tubing Steel Tubular Parts Vy 
S 
SS 


SS. 


SERVING SCIENCE & INDUSTRY 
SINCE 1842 

















































oO Platinum 


Malvern, Pennsylvania 


J. pisHoF 
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The SPEED STEELS are “Aspirin” 


FOR COMPETITION HEADACHES 


Let's face it. We've entered a competitive era. Any place 
you can cut production costs will help your firm to maintain 
dividends. Speed Steels positively cut costs by replacing 
costlier steel and through greatly reduced machining»time; 


The SPEED STEELS 


are... 


Speed Case ——-nemesie> 


A free-machining, low carbon, open hearth steel plate. Ave- 
rage analysis: Carbon .20%, Manganese 1.25%, Sulphur .25%, 
Phosphorus .02%, Silicon .05%. Based on 1” longitudinal sec- 
tions, tensile strength is 58-73000 PSI; yield point 44-59000 PSI; 
Brinell hardness 120-140. Easy to machine. Polishes readily. 
Ideal for rubber molds, die sets, sprockets, platens, frames, 
fixtures, etc. Rubber heel mold is shown, made by Wm. E. — = 
Arnold Co., Malden, Mass. 


Speed Treat —-mssscmasse 


A free-machining, medium carbon, open hearth steel plate. Ave- 
rage analysis: Carbon 45%, Manganese 1.25%, Sulphur .25%, 
Phosphorus .02%, Silicon .05%. Based on 1” longitudinal sec- 
tions, tensile strength is 90-100,000 PSI, yield point 68-80,000 
PSI; Brinell hardness 156-196. Readily machines with no 
tendency toward tearing. Easily aw to high lustre. Fine 
hardenability. Ideal for plastic molds, flame or induction 
hardened gears, cams, short run trimming and blanking dies, 
brake dies, etc. A barb drum for a carton printing press 
made by Miehle Printing Press & Mfg. Co., Chicago. Speed 
Treat plate is tolled to form a cylinder and resistance welded. 

Hardened to 260-300 Brinell and machined. 


Speed Alloy me . 


A chromium alloy hot rolled plate which bridges the gap 
between carbon steel and tool steel. Ideal where relatively 
high compressive strengths required. Uniformly fine grain 
structure. Easy to machine, polish, flame harden or heat treat. 
A general purpose mold and die steel. Also for zinc die casting 
dies, die shoes and sets, gears, machine parts, etc. Speed Alloy 
die for flattening flange on Studebaker instrument panel is 
shown. Made by Leese Tool & Die Co., Grand Rapids, Mich. 































INCE 1656 


Speed Steel Plate Division, Hammond, Indiana 





DISTRIBUTED BY 


Brown-Wales Co., Cambridge-Hartford-Auburn @ Bridgeport Steel Co., Milford, Conn. @ Beals, McCarthy & Rogers, Buffalo 
N. Y. @ Burger Iron Co., Akron, Ohio @ Grammer, Dempsey & Hudson, Inc., Newark, N. J. @ Earle M. Jorgensen Co., Los 
Angeles-Houston-Oakland-Dallas @ Passaic County Steel Service, Inc., Paterson, N. J. @ Peckover's Ltd. Montreal-Toronto 
Peninsular Steel Co., Detroit, Mich. @ Pidgeon-Thomas Iron Co., Memphis, Tenn. @ Horace T. Potts Co., Philadelphia-Baltimore-York, Pa. 
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Electrolytic Line-Coate 
Sheets and otrip 


make better products... 
more economically 


Weirzin electrolytic zinc-coated sheets and strip— 
mass produced on Weirton’s ultra-modern, multiple 
electro-plating ‘lines’ — offer remarkable gauge 
uniformity, plus extreme strength and ductility. 


Weirzin is especially adaptable to difficult deep 
drawing and forming operations—will not peel or 
flake. The zinc remains intact—of even thickness— 
forming an impervious protective coating, safe from 
underfilm corrosion. This tight electrolytic zinc 
coating lubricates dies without leaving a deposit. 
Die maintenance costs are reduced, and die life is 


increased by as much as 300%! 


Weirzin weathers well! When treated with Bonder- 
ite it assures long-time adhesion for enamel, paint, 
or lacquer. The finish clings io Weirzin. Moreover, 
it successfully resists heat and moisture—even under 
adverse conditions. 


No wonder so many manufacturers choose Weirzin 


—to make better products . . . more economically! 


WEIRZIN SPECIFICATIONS 


SHEETS GAUGE, 2... ccecccccece Max. .6478 Min. .008 
WIDTH, .cccccsccceces Max. 36° Min. 24” 
LENGTH...ccssccecces Max. 144” Min. 18” 


COATING WEIGHT..Commercial only 


STRIP QAI acctactenen Max. .0478 Min. .008 
I: oid ccSdende ers Max. 23'%6" Min. 4” 
tee. - Max. 144” Min. 60” 


COATING WEIGHT. .Commercial only 


*Weirzin can be supplied in gauges lighter than .040 up to a 
maximum width of 36” and in gauges .040 and heavier in a pre- 
ferred maximum width of 26”. Cut lengths are supplied over 4” 
wide, .015 and heavier. Sizes beyond above limits to be submitted. 

















High-Carbon strip 
Vold-Rolled Spring Steel 


assures high fatigue 


resistance ... easier cold 


forming or blanking 


The high quality of Weirton High-Carbon Strip 
cold-rolled spring steel makes cold forming or 
blanking easier and allows it to meet the require- 
ments for a wide variety of products where high 
fatigue resistance is a principal factor. 


You can count on Weirton High-Carbon Strip cold- 
rolled spring steel... for accurate response to heat 
treatment—uniformity of gauge and width—uniform 





chemical and physical properties—exact constancy 
of grain structure—controlled decarburization limits. 


Weirton High-Carbon Strip cold-rolled spring steel 
is supplied with the desired chemical analysis and 
for specified heat treating and hardness ranges in 
strips up to 7 inches wide. Weirton metallurgists 
will be glad to help customers work out the correct 


specifications for their applications. 


SPHEROIDIZED AND PEARLITIC 
STRUCTURES 


~~» 


The photomicrographs illustrate the two structural forms of 
Weirton spring steel. On the left the steel has been spheroid- 
ized and annealed—soft and ductile—ideal for cold form- 
ing operations. On the right is the pearlitic steel structure 
that is so essential to clean, economical blanking procedure. 


COLD-ROLL SPECIFICATIONS 


MINIMUM MAXIMUM 
GAUGE WIDTH WIDTH 


.016/.062 7" 
.063/.125 5 pd 
.125/and heavier 7 


WEIRTON STEEL COMPANY 


WEIRTON, WEST VIRGINIA 

















Here’s why it pays 


to insist upon 


_arpenter Stainless Tubing 








Easier fabrication and a better product ! 


After testing tube from several sources, 
the manufacturer of these condensers found 
that Carpenter’s quality control at the mill 


finished job. ducing each unit. 


40% rejects before—now, 1%! 





Before changing to Carpenter, fabricating 
rejects ran 40%. Now the collapsible handle 
of this uranium detector is produced—at a 
reject rate of only | Stainless No. 20 

These are not unusual or “‘special”’ jobs .. . just a few 
of the many hundred examples in our files of how 
products have been improved, fabricating problems 
simplified, and production costs cut by switching to 
Carpenter Stainless Tubing. They all point up this one 
significant fact: Al/ stainless tubing is not the same. 


Whenever any kind of equipment or fabricated part 
calls for something “extra”... in working properties, 
corrosion resistance, tolerances, finish . . . users of stain- 


( arpenter | 





STAINLESS TUBING & PIPE 
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15% to 20% saving! 





These thermostat sleeves and bulbs require 
precision fabrication. 
Carpenter Stainless Tubing they gained a 
gave him easier bending and a better ls to 20 saving 


After changing to 


in 





Coil life doubled ! 


In a brick-lined hydrolysis tank, lead coils . . 
had been used for years. Then they found 20% of each run. Changing to Carpenter 
that coil life could be doubled with Carpenter 








From 5 rejects to 1%! 


Stainless Tubing were tried with 50% 
rejects. Then they switched to Carpenter 
and rejects dropped to less than 1%, 


10c saved per piece ! 


The fabricator of this refinery equipment 
needed a ductile Stainless Tubing that 
would “take” the severe fabrication. Since 
changing to Carpenter, he figures a saving 
of about 10c apiece. 





the cost of pro- 


BD 
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From 20% rejects to none ! 


4 
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Rejects because of breakage amounted to 


Stainless Tubing, rejects were completely 
eliminated. 


less tubing and pipe in a wide variety of industries have 
learned from experience that they can always count on 
Carpenter quality and Carpenter technical assistance 
to meet the challenge. 

Prove to your own satisfaction that there really is a 
difference in stainless tubing. Specify Carpenter on 
your next order. You'll discover, as have hundreds of 
other users, that there is no “‘or equal’ for Carpenter 
quality and all-around service satisfaction. 

The Carpenter Steel Company, Alloy Tube Division, Union, N. J. 


Export Dept.: The Carpenter Steel Co., Port Washington, N.Y. 
CARSTEELCO” 
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- guaranteed on every shipment 


eee 
‘ Jraisis , 






Product Engineering — 1954 Annual Handbook 





For this tough flaring job two brands of 











GM STEEL TUBING 


WIDE RANGE OF SIZES 
AND FINISHES 


GM Steel Tubing is available in 
welded single wall or copper 
brazed double wall construc- 
tion, in sizes from 1%” to %” 
O.D., and in straight lengths or 
in 120’ to 2000’ continuous 
coils. Choice of plain, Terne 
coated, copper plated, or Fuse- 
Kote (copper fused) finish. 


EASILY FABRICATED 


GM Steel Tubing not only lends itself 
readily to intricate bending but also 
to all types of fabricating operations— 
crimping, beading, perforating, 
swaging, expanding, drawing, 
flanging, flattening, knurling, 
threading. Rochester Products 

offers complete fabricating 

facilities, including the serv- 

ices of experienced 

General Motors engineers. 


aa 


ALSO MANUFACTURERS OF RO 
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SOLVES PRICE AND PRODUCTION PROBLEMS 


It's a far cry from a child’s toy to a mighty weapon of war—yet 
GM Steel Tubing plays an important part in the design and 
building of both. In hundreds of other products, too, this low 
cost steel tubing serves to advantage either for the passage of 
liquids or gases, or as part of the mechanical structure. 

Every day Rochester Products turns out hundreds of miles 
of GM Tubing in one of America’s most modern and best equipped 
plants. Into every inch of its manufacture go the skill and 
engineering “know how” gained through nearly 20 years of 
General Motors research and development. 

Whether you are designing new products or re-designing old 
ones, it will pay you to investigate the time-and-money-saving 
features of GM Steel Tubing. 


SEND FOR BROCHURE 


1 
or see — Sweet's 1954 Product Design File 


Entitled Better Products for Greater Progress, 
this new, illustrated, fact-packed brochure 
tells how GM Steel Tubing can help solve 
design and production problems. Send for your 
free copy today. 


ROCHESTER PRODUCTS, pivision oF GENERAL MOTORS, Rochester, N.Y., U.S.A. 


IGAR LIGHTERS 
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HESTER CARBURETORS AND ROCHESTER 








THE MALAYAN TIN BUREAU Dept. 464, 1028 Connecticut Ave., Washington 6, D.C. 
Bs 














Take a good, searching look at 


Uo 


in your own product research and development 


With all the current interest and enthusi- 
asm for the newer metals and their alloys, 
don’t forget that tin has always been a 
“wonder” metal. 


Consider for a minute all the special 
properties of tin. Tin is inert, nontoxic, fric- 
tion and corrosion resistant. Tin is highly 
malleable, second only to gold. Above all, 
tin is economical to use. 


Tin is one of the oldest metals known 
to man—yet we're still finding new and 
important ways to use it. 


Tin-zinc plating, for example, has been 
found to be an excellent and economical sub- 
stitute for cadmium in many applications. 


Another new plating alloy, tin-nickel, 
even more durable and more attractive in 
coloring than chromium, saves 65 percent 
nickel. 


And tin-titanium is a still newer, high- 
strength, easily welded alloy for jet air- 
craft parts. 


In the field of chemistry, tin is making 
impressive strides. Tin oxide is the best 


opacifier of enamel. Organotin compounds 
are the best stabilizers known for polyvinyl 
chloride plastics. 


Now that U.S. Government controls have 
been removed, tin is again freely available 
in thi$ country to any user, in any quantity, 
for any purpose. Over a third of the world’s 
tin is mined in Malaya. There are ample 
supplies of tin in sight for the foreseeable 
future, provided a reasonable price is paid. 
And Malaya is steadily winning its war 
against Communist guerrillas. 


So take a good, searching look at time- 
tested tin in your own product research and 
development. Versatile, plentiful, economi- 
cal tin may help you find 
new ways to raise quality 


MALAYAN 


and lower costs 







TIN NEWS, issued monthly, cov-  < 
ers noteworthy current develop- _/ 
ments in the production, mar-\~_ 
keting and use of tin. Write for 
a free copy. 
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DESIGNING WITH ALUMINUM 
EXTRUSIONS—Explains 
the basic principles for using 
extruded aluminum shapes 
most effectively. 


ALUMINUM DATA BOOK 


RETHCLOS BETats Comrast 


ALUMINUM DATA BOOK— 
Discusses the physical, chem- 
ical and metallurgical factors 
of aluminum as they affect 
design and fabrication. 


ALUMINUM FORMING —De- 
scribes accepted practices for 
bending, forming, and draw- 
ing aluminum. 


To help you 


ALUMINUM STRUCTURAL DE- 
SIGN— Shows how to design 
original structures with alumi- 
num or convert present de- 
signs to aluminum. 


ALUMINUM POWDERS AND 
PASTES—-Describes types of 
powders and their uses in 
coatings, pyrotechnics, proc- 
essing, metallurgy, etc 


RETEOLOS BETALS ComPAnT 


MACHINING ALUMINUM AL- 
LOYS—Discusses al! phases of 
aluminum machining including 
automatic screw machining 


FASTENING METHODS FOR 
ALUMINUM— Offers informa- 
tion on mechanical joining and 
fastening methods, and the 
advantages of each. 


SCTHOLES RETALe ComrasT 


FINISHES FOR ALUMINUM— 
Supplies basic information on 
the application and uses for 
electroplated, mechanical, 
chemical and organic finishes. 


Available without cost... 


See next page for details 


HEAT TREATING ALUMINUM 
ALLOYS—Explains the meth- 
ods and results of heat treat- 
ing suitable aluminum alloys. 


WELDING ALUMINUM— Gives 
complete information on all 
types of welding as applied 
to aluminum, 
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REYNOLDS @8 ALUMINUM 


MODERN DESIGN HAS ALUMINUM IN 








F R E E: @ Single copies of any or all of these 


ks are free when r 
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letterhead. Otherwise the price of each book is one dollar. 


@ ALUMINUM DATA BOOK—Discusses the physical, chemical and 
metallurgical factors of aluminum as they affect design and tabrica- 
tion... 194 pages. 

@ DESIGNING WITH ALUMINUM EXTRUSIONS Explains the basic 
principles for using extruded aluminum shapes most effectively 
138 pages. 

@ ALUMINUM STRUCTURAL DESIGN— Shows how to design or ginal 
structures with aluminum or convert present designs to aluminum 
130 pages. 

@ FASTENING METHODS FOR ALUMINUM—Offers information on 
mechanical joining and fastening methods, and the advantages of 
each ... 136 pages. 

@ FINISHES FOR ALUMINUM-—Supplies basic information on the appli- 
cation and uses for electroplated, mechanical, chemical and organic 
finishes ... 124 pages. 

@ ALUMINUM FORMING —Describes accepted practices for bending, 





forming, and drawing aluminum ... 152 pages. 
. ACRES e-em ALLOYS— Discusses all phases of aluminum 
g ind tic screw machining . 124 pages. 

@ HEAT TREATING ALUMINUM ALLOYS —Explains the methods and 
results of heat treating suitable aluminum alloys...144 pages. 
@ WELDING ALUMINUM-—Gives complete information on all types of 

welding as applied to aluminum ... 186 pages. 


@ ALUMINUM POWDERS AND PASTES—Describes types of powders 
and their uses in coatings, pyrotechnics, processing, metallurgy, etc. 
. 84 pages. 


@ METALS WEIGHT CALCULATOR— Slide rule for determining weights 
of ali commonly used metals. 


COMPLETE INDEX 

of all Reynolds literature and films on 
aluminum design and fabrication also 
available. Write to address below. 








Also see our condensed catalog he; in Sweet's 
Product Design file or write for your 
personal copy. 











16MM COLOR-SOUND FILMS, TOO! 


@ SHAPE OF THINGS TO COME. Interesting descrip- 
tion of the aluminum extrusion process and the design 
opportunities it provides. Running time 30 minutes 
@ TALE OF THE POWDERED PIG. Developments in 
aluminum powders and pastes including their appli- 
cation in protective and decorative coatings. Running 
time 22 minutes. 

@PIGS AND PROGRESS. The complete story of 
aluminum from mine to finished products. Covers all 
forms of aluminum. Running time 26 minutes 

{ Films are loaned without charge when requested on 

business letterhead 


Instructors in technical schools are invited to take advantage 
of these educational aids. Write for details. 
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DESIGN and FABRICATION 
INFORMATION 


One or more of these authoritative handbooks on 
aluminum design and fabrication belongs on the 
desk of every top flight engineering, styling and 
production person. Each book covers all aspects 
of each subject. The following are examples 
of the many illustrations in each of the books. 





FOURTH (FINAL) 


> These are typical of the DRAW 


many illustrations in “Alumi- 
num Forming”: Left, drawn 
shell of 3S-O aluminum. 
Right, various stages of 
drawing necessary to pro- 
duce shell. (Book includes 
cee formula for estimating 


number of draws.) 
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The theory and application of 
standard screw heads, reproduced 
above, is typical of complete in- 
formation in ‘‘Fastening Methods 
For Aluminum.” 
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REYNOLDS METALS COMPANY 
2598 S. Third Street, Louisville 1, Kentucky 
Offices in most principal cities, listed under 
Aluminum in classified telephone directories. 


REYNOLDS 88 ALUMINUM 








MODERN DESIGN HAS 


ALUMINUM IN MIND 
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TRUFLEX THERMOSTAT METALS COMPOSITE METALS 


TRUFLEX thermostat metals are manufactured in Available in practically any combination of precious to Copper-clad alumi for comp cases or 
Com- cans, chassis, cooling fins, etc., light weight, 


a wide variety of types, each with a different re- procigee. precious to base or base to base metals. 
i 








ALCUPLATE 





action to temperature. Uniformity of metal insures nations for electronics include aluminum-clad iron, excellent conductivity. Copper surface is ideal for 
soft soldering and electroplating. 


accurate and consistent performance. Precision _nickel-clad iron for anode materials. 
parts fabricated to exact specifications. 


aA 
COMPOSITE CONTACT MATERIAL COMPOSITE CONTACTS 
Precious metals and alloys bonded to base metals General Plate can supply all types of fabricated composite RECTANGULAR WAVE GUIDES. Solid silver, 








WAVE GUIDE and COLLECTOR RINGS 


available in following types — overlay, single and contacts, buttons, rivets, contact assemblies made to silver lined brass or aluminum. Sizes to govern- 
double edgelay, single and double inlay, Top-lay, customer's specifications. These contacts give electrical ment specifications. _ 
ready for you to fabricate into contacts. conductivity and long life at reduced costs. COLLECTOR RINGS. Solid silver or precious 





metal on base metal. All sizes. 


Generel Mote Froilucts 


that solve your Design Problems 


General Plate Composite Metals, made by metallurgically bonding 
one metal to another, are available in sheet, strip, tubing or wire in various 
widths, thicknesses and diameters. 


Silver, gold and platinum-group metals bonded on base metals give solid 
precious metal performance at a fraction of the cost of solid precious metal. 
The precious metal provides specific performance requirements such as 
electrical conductivity and corrosion resistance while the base metal pro- 
vides workability, strength, and solderability. 


Composite base metals provide a new group of engineering metals with 
properties not available in solid metals. Their use frequently results in 
lower material costs as compared to solid metals. 


In many electronic applications further economy results when General 
Plate supplies fabricated parts ready for assembly into your product. Gen- 
eral Plate makes an infinite variety of fabricated parts, such as electrical 
contacts, collector rings and TRUFLEX thermostat metal parts to cus- 
tomer’s exact specifications. 


General Plate Engineers will gladly help you with yout problems. 


METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


400 FOREST STREET 
ATTLEBORO, MASSACHUSETTS 








You can profit nc beg ee 


General Plate Com 












Write for catalog PR700. 





Alfer, Alnifer®, Nifer Aluminum and Nickel-clad 
steel for anode plates 

Alcuplate Fk Copper-clad aluminum for component 
cases, chassis, cooling fins, condenser blades, etc 
Alsiplate Silver-clad aluminum for lightweigh« 
condensers, etc 

Composite Contacts and Contact Materials Increased 
strength and longer life at reduced cost 

Collector Rings Fabricated from solid precious metals 
or precious-clad base metals. Sizes ranging from frac 
tion of an inch to few feet in diameter 

Trufiex®) Thermostat Meta! Sheet strip, formed el 
ments and assemblies produced to specification 

Thin Gevge Metals — Beryllium copper, nickel, pure 
beryllium, Haynes Stellite alloys, etc 

Platinum-Group Metals Sheet, wire, tubing, parts of 
all types. Complete assay and refining facilities for 
platinum-group metals 

Silver and Gold Brazing Alloys Available as shee 
wire, powder and fabricated parts 

Bondwich Solder-clad brazing shim for carbide 
tipped tools 

Bronco — Phosphor Bronze-clad copper for high con 


ductive springs. 


Conflex — Copper-clad spring steel for electrical and 
thermal conductive springs at low cost 


#720 Manganese Age-Hardening Alloy Corrosion re 
sistant spring material for diaphragms, springs, hnger 
stock, etc 


Rectangular Wave Guide Tubing — Wide range of sizes 
to government specificauons 
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R: BERYLLIUM COPPER 





Beryllium Copper (BeCu in metallurgical shorthand) is a leader 
in the “resistance movement.” It’s uncanny the influence a few 
per cent of Beryllium can exert on pure copper... the added 
properties the alloy has over the base metal alone. ——r-- = 
RIVERSIDE 


ALLOYS 





Beryllium Copper can be hardened by heat-treatment. It has 
high electrical conductivity and qualities that resist wear, 
corrosion and fatigue, making it ideal for switches and other 
electrical applications. BeCu is truly a versatile alloy, useful in 





many fields. 

Riverside Alloys are Industry’s Allies. Send for the Riverside 
Handbook, the pocket-size reference and guide to alloy specifi- 
cations. The Riverside Metal Company, Riverside, N. J. Branches 
in all principal cities. 


Free pocket-size 
Alloy Handbook. 


Your reference 








ol and guide to Al- 
loy specifications. 
SHEET WIRE Write today. 
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that will greatly lower 
your fabricating costs 


Harvey Aluminum’s new special furniture tube alloy, 
fabricated to extremely close tolerances, saves money in 
metal cost and allows use of a smaller nominal size with 
a given safety factor. Fabricating operations are reduced 
by special grain control, all adding up to produce the 
lightest, strongest, safest furniture on the market today. 
For lower costs, increased profits and customer satisfac- 
tion, use Harvey Aluminum special furniture tubing. 


1. You buy this special furniture tubing by the foot rather 
than by the pound, eliminating waste. 


2. Structural uniformity of Harvey's new furniture tub- 
ing lets you design with assurance to precise safety 
strength factors ... there are no hidden weak spots. 


Request your free copy 

of “New Furniture Tubing” 
giving full technical 
information on this new 
furniture tubing alloy. 
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Harvey brings you... 


@ 4 new aluminum alloy 
® special extrusion techniques 





®@ precision drawing methods 


No need for buffing 
after bending 


Uniform tolerance 
at any cross section 


Does not fracture 
with severe swaging 


3. Fabrication operations are reduced, for Harvey's 
furniture tubing takes shorter radius bends and with- 
stands heavier swaging than any other furniture tube 
alloy yet developed. Specially alloyed to prevent “orange 
peel” or surface crazing from short radius bending, you 
buff only once. It retains its luster during forming opera- 
tions, eliminating rebuffing costs. 


MAKING THE MOST OF ALUMINUM FOR INDUSTRY 


HARVEY 


luminum 














HARVEY ALUMINUM SALES, INC. 
TORRANCE —LOS ANGELES, CALIF. 
BRANCH OFFICES IN PRINCIPAL CITIES 


An independent facility producing special extrusions, pressure forgings, 
bar stock, forging stock, tubing and related mill products. 





There’s a 


Bethlehem Tool Steel 


or Every Tool and Die Jo 









Carbon and 
Carbon-Vanadium 


Oil- and Air-Hardening 
Shock - Resisting 
Hot - Work 






Whatever your tool and die jobs may be, there’s a Bethlehem tool steel 
that will give you top performance at least cost. Some are general-pur- 
pose grades; others have properties that fit them for severe or unusual 
operating conditions. Each is carefully processed in our tool steel mill. 
And when you have a problem in the selection or treatment of tool steel, 
the experience of our technical staff is yours to call on. 





Made from our BTR oil-hardening tool steel, this die blanked and formed 
nearly 8 million bottle caps from tin plate before redressing was needed. 
One of our most popular general-purpose grades, BTR has good wear- 


resistance and shock-resistance. 





Typical of Bethlehem inspection methods is the ultrasonic examination of 
tool steel billets and large bars to detect possible injurious internal defects. 


MAYARI R 


Makes it Lighter, Stronger, Longer Lasting 


This strain clamp was 

made of Mayari R be- 

cause it provides high ~~ 
Ww 


resistance to atmos- e 
pheric corrosion to- 
gether with improved 
strength and a saving 
in weight. 

Every day new uses 
are found for Mayari R,—Bethlehem’s low-alloy, 
high-strength steel. Mayari R has almost twice 
the yield point of structural-grade carbon steel, 
and from five to six times the resistance to atmos- 
pheric corrosion. It is easily formed and readily 
welded, and comes in sheets, plates, structurals, 
cold-formed shapes and bars. 






High-Speed 
Special- Purpose 





This progressive die pierces, blanks and forms 
parts from stainless-steel strip. The long-wearing 
punches are made from Lehigh H, our popular 
high-carbon, high-chromium steel. All other 
parts are made of A-H5, Bethlehem's 5 pct 
chromium air-hardening grade. 


i’s 19 TO 1 
THAT A STANDARD ALLOY 
STEEL WILL DO THE JOB 


In about nineteen cases out of twenty you can meet 
alloy-steel requirements with standard grades. 

Certain applications do call for special compo- 
sitions, especially jobs where resistance to heat, 
corrosion or low-temperature impact is the prime 
consideration. But in the vast majority of cases 
a standard grade will do the job, and then it’s 
to your benefit to use it. Two important advan- 
tages of using standard alloy steels are that heat- 
treating is simpler, and you can usually buy small 
tonnages, keeping inventories low. 

Bethlehem makes all AISI alloy and special- 
analysis steels, besides the full range of carbon 


compositions. 
And please remember, we can always furnish 
the grade you wish—standard or special. 
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A WELDMENT MAY BE THE ANSWER 


The photograph shows a 60-ton stator frame for a turbo-generator 
made in the Bethlehem Weldment Shop. 

Bethlehem weldments eliminate excess weight without sacrifice 
of rigidity, and serve either as simple parts or as units of intricate 
assemblies. They can be used either alone or in combination with 
forgings or castings. Bethlehem weldments offer wide freedom of 
design as the steel can be bent, pressed or shaped prior to welding 
without harm to its physical structure 


COLD-FORMED SHAPES 
Solve Many a Production Problem 


Bethlehem Cold-Formed Shapes are regular or irregular shapes, 
formed cold from steel sheets, strip or plates. They have excellent, 
relatively smooth surface finish, practically free of scale and rust 
They have a good strength-weight ratio, and are easy to weld and 
assemble 

We make them on presses, brakes or rolls in all gages from 5 to 24 


CIRCULAR BLANKS 
Made by Forging-Rolling Process 


The unique process by which these blanks are made, combining 
forging and rolling with the attendant benefits of both, imparts a 
tough structure and homogeneity, with superior strength, often 
making possible thinner sections and a saving in weight. We 
strongly recommend Bethlehem forged-and-rolled blanks for gears 
crane wheels, sheave wheels, flywheels, brake drums, rotors, tire 
molds and similar uses 


FORGINGS IN A WIDE RANGE 
from a Few Ounces to more than a Hundred Tons 


The Bethlehem forge shops turn out forgings ranging from among 
the smallest made, so small you can balance them on the tip of 
your finger, up to huge heavyweights of 100 tons or more. We make 
press forgings, hammer forgings, and closed die forgings—all with 
the same exacting care. Bethlehem forgings can be made in carbon 
or alloy grades, and shipped either as-forged, or rough- or finish 
machined 


FASTENERS CUT AND FORMED SHAPES 
Bethlehem Fasteners include a complete Made from either carbon steel 
range of standard items such as bolts and center plate steel, these flat shapes provide 
nuts, rivets, spikes, clevises, turnbuckles, economies in the manufacture 
studs and threaded rods. In addition, we implements, as well as in other applica 
turn out a wide variety of tailor-made tions. They reach you accurately 
fasteners to meet special requirements to pattern. There's no waste 


1954 Annual Handbook 











SPECIAL SECTIONS 


You can count on Bethlehem to produce 
special sections rolled to meet your exact 


requirements 
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OF simplified parts 
Basler Tabrice 


TYPES 
Seamless tubes—hot-finished, cold-drawn, or roto-rocked 
Welded tubes-—from hot-rolled or cold-rolled strip 


SHAPES 


Round, squore, rectangular, or special shapes 


GRADES 
Stainless steels—B&W Croloys 12 to 27 
Intermediate chrome-molybdenum alloys—B&W croloys 2 to 9 
SAE—AISi alloys and nitralloy steels 
Nickel steels—B&W Nicloys 34, 5, and 9 
Carbon-molybdenum steels—in various grades 
Carbon steels—in various grades 

SIZE RANGE 
Up to 9% inches outside diameter in ao wide range of wall 
thicknesses 

SURFACE FINISHES 
As rolled, as drawn, as welded, flash removed, turned, scole- 
free, and polished 

SPECIFICATIONS 
Made to any of the standard specifications such as those of the 
ASTM and U. S. Goverament 

QUALITY 
Open-hearth and electric-furnace steels, including aircraft and 
mognaflux qualities 

CONDITION 
Unonneoted, annealed, tempered, normalized, or otherwise heat- 
treated as required 

FABRICATION 
Upseiting, swaging, expanding, bending, sofe-ending, ond 
machining 





You can improve and simplify product design—make 
many forming, machining, and welding operations 
easier—with B&W Tubing, because it provides the 
properties you need in your finished product—and in 
the combination you need for easy fabrication. 

B&W tubing is made in stainless, alloy, and carbon 
steels, seamless and welded, hot-finished, cold-drawn, 
or roto-rocked, in a wide range of sizes, and in various 
surface finishes and heat-treated conditions, so that you 
can select the most economical tubing for your specific 
manufacturing procedure and end-use. 

And you can be sure of getting the properties and 
characteristics you want in every foot of B&W Tubing; 
because manufacturing methods at B&W keep tubing 
quality consistently uniform. 

For help in finding the tubing best suited for your 
particular use, feel free to call on our technical staff. 
Their broad experience in tubing applications can be 
of value to you—or write for Bulletin TB-361. 


TA-1811(G 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 


General Offices & Plants 


Beaver Falls, Pa —Seamless Tubing; Welded Stainless Ste 


Alliance, Ohio—Welded Carbon Steel Tubing 
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WOLVERINE TRUFIN* 
—the integral finned tube 


For highly efficient heat transfer in compact 
space select TRUFIN. This unique finned tube 
has many advantages to recommend its use. 
Because the fins are extruded from the 
tube and are a part of the wall itself—all 
one piece—Trufin will withstand vibration 
and sudden temperature changes. It has 
exceptionally wide range of outside-to- 
inside ratio. Surface of fins is smooth, offer- 
ing less likelihood of clogging between them, 


aid waaaaaadedddddasaadensnseuninidiiids, 


and decreased pressure drop. Trufin can be 
bent and formed as readily as plain tube. 
It is available in a variety of fin spacings, 
fin heights, and alloys; also in bi-metal 
(aluminum fins with copper and copper base 
alloy liner). 


“REG. U.S. PAT. OFF 


SPUN END PROCESS{ 


This is one segment of our fabricating 
department. It deals chiefly with end treat- 
ments—an exclusive Wolverine develop- 
ment that can prove quite valuable to you. 
It offers opportunity to make a great variety 
of end and contour forms to close measure- 
ments. It has been found to replace other 
methods of forming, thus reducing costs and 
increasing production. There's a wealth of 
new knowledge awaiting you in learning 
about our Spun End Process, _ 


For your tubing requirements 
Count on WOLVERINE 















FABRICATED TUBULAR PARTS 


Many tubular parts can be fabricated by 
Wolverine methods much more economically 
than in any other way, because they are 
already partially fabricated to start with. 
Moreover, the resulting parts are improved 
in function and often in eye appeal as well. 
These are some of fabricating operations: 
spinning, finning, bending, beading, ex- 
panding, brazing, and many more. Consult 


our Customer Engineering Service. 


ELECTRIC-WELDED STEEL TUBE 


Another Wolverine quality product from 
the hands of tube 
welded steel tube—made to the high 


specialists —electric- 


standards of tube production that distinguish 
Wolverine nonferrous tube. 

Specify Wolverine Electric- Welded Steel 
Tube whenever quality steel tube (either 
mechanical or pressure) is desired. 

Sizes range from %” through 3” O.D. in 
the following analyses: SAE 1010;SAE 1015, 
SAE 1020 eitea 


Wolverine con supply plain tube in copper, copper bose alloys, aluminum, and electric-welded steel. Finned tube in copper, copper base alloy 
aluminum, 1010 Welded Steel, Type 304 stainless steel, and bi-metal 
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In conjunction with the monufacturing of round commercial tube, Wolverine also mokes oval tube, squore and hexagonal tube 


¢ WOLVERINE TUBE DIVISION 


of CALUMET & HECLA, INC. —_—, 
Manufacrurers of Quality-Controlled Tubing 
DETROIT 9, MICHIGAN 


Plants in Detroit, Mich. & Decatur, Ala. Sales offices ‘mn Principal Cilies 


Wolverine Trufin and the Wo 
verine Spun End Process ovo 
eble in Concdo through the 
Unifin Tube Co London 
Ontario 
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Magnesium 


LIGHTEST-WEIGHT OF 








THE COMMERCIAL METALS 











ROLLING INGOT INTO ENGINEERING FABRICATION OF 
PLATE AND SHEET AND DESIGN : ASSEMBLIES 

COMMERCIAL AND SPECIFI- “Will Magnesium work in this * B&P is a pioneer Magnesium 

CATION GRADES from B & P's application?” “Where?” “How »« fabricator. Modern machinery 

own mill, F.O.B. Detroit. TREAD much should we use?” B & P , for forming, stretching, weld- 

PLATE in non-slip diamond engineers have years of ex- ing, machining, stress reliev- 

pattern. THE FOLDER BELOW perience. B&P makes Proto- * ing, painting and finishing (in- 

describes dimensions, toler- types. * cluding HAE) is operated by 
ances, etc., also gives useful » experienced men. HC 
tables comparing properties * * * 1G 
‘aht of M a « SEND FOR THIS FOLDER on col 
te Sn _ B&P fabrication facilities and 4 
ee ANY INQUIRIES services. les 
3 
e po 
ABOUT MAGNESIUM Or 
. S1Z 
gr: 
ARE WELCOME . un 
co 

Your Design Engineers will . 
want 
° j 
THESE TWO FOLDERS ——~>/# 
for your files. Write us for . 

SA 
Ca 
tes 
St 


MANUFACTURERS OF 





and PERK 


a 


_— 


INS Incorporated 
MAGNESIUM PRODUCTS 


1956 W. FORT ST., DETROIT 16, MICHIGAN + TASHMOO 5-5900 
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NEW manufacturing processes 
result in Carboloy Chrome Car- 
bides with interlocking grain 
structure of exceptional tough- 
ness in combination with other 
highly desirable wear- and cor- 
rosion-resistant features. Ma- 
chinability is equal to tungsten 
carbide; and toughness permits 
grinding without chipping or 
cracking. There is stability, with 
no internal strain. 


1s? 


HOT-AIR subjection at up to 
1000°C. (1832°F.) proves virtually 
complete resistance to oxidation 
of Carboloy Chrome Carbides. 
Above test shows (1) 18-8 stain- 
less steel, (2) Chrome Carbide, 
(3) tungsten carbide after ex- 
posure at 1850°F. for 24 hours. 
Originally identical shapes and 
sizes, (1) and (3) have disinte- 
grated. Chrome Carbide (2) is 
untouched, save for slight dis- 
coloration. 


a 

Le 
a. 

‘ ~ 
SAMPLES of Carboloy Chrome 
Carbides for your laboratory 
testing are available at $10.75, in 
Standard Kits, which include: 
three bars 4” square x 2”; two 
bars 4 square x 1”; three bush- 
ings +" long, 4” O.D., %” I.D.; 
and one rod '4” diameter by 1” 
long. Kit includes Bulletin WR- 
104, establishing physical char- 
acteristics and properties  to- 


gether with table of chemical 
tests. Order today 





Now . . . new Carboloy Grade 608 
Cemented Chrome Carbide, first of a 
new Series 600 Chrome Carbides with 
chromium as principal ingredient. Gives 
high resistance to corrosion or erosion, 
combined with good abrasion resistance 
for wear-resistant applications. 


FOR COMPLETE PARTS, 
OR TIPPED ASSEMBLIES 


Chrome Carbides are completely non- 
magnetic; have a coefficient of thermal 
expansion about the same as steel; are 
as machinable, as hard as tungsten 


for high resistance to corrosion and erosion conte’ 
with good abrasion resistance 





carbides, and are light in weight. They 
are expected to be especially practical 
for making complete parts, or may be 
used in assemblies. 


NEW APPLICATIONS, 
OLD AND NEW FIELDS 


Series 600 may overlap a few tungsten 
carbide applications. But because of 
their unusual wearproofing properties, 
their wear and corrosion resistance 
look to Chrome Carbides to open vast 
new areas of industrial and product 
applications 


Where can you use wearproofing Carboloy Chrome Carbides? 


With These Physical Properties? 


Composition: 83% Cr,C,, 2% WC, 15% 
72Rc) 


Hardness: (nominal) 88Ra (equivalent to 
Density: (nominal) 7.0 gm/cm’* 


Transverse Rupture Strength: 100,000 psi 
Abrasion Resistance: Much higher than steel, 


not as high as tungsten carbide 
Steam Erosion Resistance: Excellent 
Coefficient of Expansion: 

4.9x 10° in./in./F (from 68°-248°F) 

5.1 x 10° in./in./F (from 68°-427°F) 

5.3 x 10° in./in./F (from 68°-608°F) 


6.1 x 10° in./in./F (from 300°-1800°F) 
Corrosion Resistance: Generally very good 
Electrical Conductivity: 2.2% of Copper @ 20°C 
Electrical Resistivity: 80 microhms/cm/cm* @ 


20°C 
Magnetic Properties: Nonmagnetic 
Stability: Apparently good 


Microstructure: Consists of two phases—chromi- 


With These Indicated 
New Uses? 
Electronic and magnetic equip- 

ment 
Sheer blades for molten glass 
Core pins for ceramic baking 
Fishing rod guides 


Centrifuge nozzlezc, separating 
equipment 


Bearings and bushings where 
corrosives are present 


Nozzles: soap, food, petroleum, 
chemicals, pharma- 
ceuticals 


Textile guides 

Valve and core pins, die cast- 
ing 

Punches, movie film 


um carbide grains, and the solid solution 


matrix phase consisting of chromium car- 


bide and nickel. 


Oxidation Resistance: 
a) excellent up to 1800°F 
b) favorable, even beyond 2000°F 


“Carboloy” is the trademark for the products of the Corboloy Department of General Electric Company 


Gage blocks, plug gages 
Pump seal rings 


Wherever stainless steel is not 
sufficiently abrasion- 
resistant 
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THOUSANDS OF STANDARD 
BLANKS for thousands of stand- 


ard wearproofing applications 
Tungsten carbide blanks are 
available in a wide range of 
standard blanks and sizes; ground 
balls, discs, rings, twist-drill tips, 
scraper blades, reamer blanks, 
face mill blades, lathe and grinder 
center tips, guide rings and cy]l- 
inders 





SHOP TIP! 
Keep your stockroom supplied 
with an assortment of Carboloy 
Cemented Carbide standard 
blanks, and be ready to make 
your own tools when emergencies 
or rush jobs arise 





WHEREVER THERE IS WEAR, 
there is a spot for Carboloy Ce 
mented Tungsten Carbides. For 
example: When tungsten carbide 
crankballs replace hard steel in 
optical lap grinding machines, 
they give 30 times more wear 
Tungsten carbide guide rings in 
electrical meter-drill jig show no 
sign of wear after 3 years; steel 
pins wore out in three weeks. And 
steel pegs in coal pulverizer wore 
out after 3500 tons, yet tungsten 
carbide faced pegs show no wear 
after 22,000 tons 


{In industry after industry, Car 
boloy Tungsten Carbides combat 
wear, improve product quality, 
and increase machine-part or 
product life as much as several 
hundred times. Chances are they 
can for you, too, when you design 
them into your applications 





CARBOLOY 


CREATED - METALS 


CARBOLOY 
CEMENTED TUNGSTEN CARBIDE 


hardest metal made by man, 


WHAT ADVANTAGES WILL 
THESE 12 OUTSTANDING CAR- 
BOLOY TUNGSTEN CARBIDE 
WEARPROOFING CHARACTER- 
ISTICS HAVE FOR YOU? 1 Hard- 
ness. 2 Compressive strength. 3 Ab- 
rasion resistance. 4 Corrosion resist- 


combining 12 unusual properties 


ance. 5 High red hardness. 6 Low 
coefficient of thermal expansion. 7 
High modulus of elasticity. 8 Impact 
strength. 9 High density. 10 High polish 
retention. 11 Low electrical con- 


ductivity. 12 Nonmagnetic (if desired). 


GRADES OF CARBOLOY CEMENTED TUNGSTEN CARBIDE MOST 
COMMONLY USED FOR WEAR-RESISTANCE 


Grades 55A, 44A and 883 are most widely used to wearproof 
machine or product parts. These are all straight tungsten carbide 


types, and are highly resistant 


to abrasive and erosive wear 


Check with a Carboloy engineer for suitability of additional 
grades of cemented tungsten carbides for wearproofing applications. 


GRADE 55A 


The toughest, most shock resistant of these thre« 
grades. Is recommended on many wear applications 
which require the use of large sections of carbide 
Recommended or applications where warpage 8 
ordinarily encountered in brazing long sections of 
carbide steel 

GRADE 44A 

A good all-around wear-resistant grade because 
of its high resistance to wear, its relatively high resist 


ance to shock, and its ability to withstand a con 
siderable amount of warpage or distortion 


GRADE 883 


The hardest of the three grades named with greatest 
resistance to wear. It is not as shock resistant as 


grades A and 44A. Recommended on many wear 
applications where maximum wear resistance is re 
quired and where ability to withstand shock and 
flexure are not so critical. Ideal for textile guides and 


small parts subject to extreme abrasive wear 


WHERE CAN YOU USE WEARPROOFING CHARACTERISTICS 
OF CARBOLOY CEMENTED TUNGSTEN CARBIDES ? 





4 ~\ INDUSTRIAL APPLICATIONS 
j In machine tools, equipping 

H 
increased production accuracy 


MACHINE TOOLS reduced maintenance 


stops, cams, collets and othe: 
wear surfaces with Carboloy 


Cemented Carbide results in 


‘4 In feed processing (for cattle 
aa sa, long-wearing carbide blades in 
hammer mills greatly outlast 
blades of fine steel; produce 
more uniform, higher quality 


FEED PROCESSING feed 


_ ~ In textile mills threads travel 
Aad . < ing at high speeds quickly cut 
¥ a through steel or porcelain 

guides, spoiling work, causing 
production loss. Long-wearing 
Carboloy Cemented Carbide 


TEXTILE MILLS 


guides eliminate this waste 








CONSUMER APPLICATIONS 


Carving knives and kitchen =— 
knives are sharpened faster » ° 
with keener edges because of a 
cemented carbide inserts, which 


outwear ordinary materials 





SHARPENERS 


4 


DENTAL BURS 


more than 100 times 


Dental burs made of Carboloy 
Cemented Carbide drill cooler 
than ordinary metal burs be 
cause they stay sharp 100 
times longer; result in less 


pain for patients 


In fishing reels, small, wear e 


resistant bearings of Carboloy 
cemented carbide guarantee 
smooth, trouble-free action 2 


outwear toughest steel bear 





ings by 100 to 1 FISHING REELS 










Unquestionably, Carboloy Cemented Tungsten Carbides, with their unusual combination of wear 
proofing characteristics, will serve you as they have others. Send for complete technical details 
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These shapes are typical of the 
wide size and style range possible 
with Carboloy permanent mag- 
nets. Many are standard stock 
items; others can be made quick- 
ly to your exact specifications 


CARBOLOY 
PERMANENT MAGNETS 


Magnets have hundreds of 
money-saving, timesaving me- 
chanical uses in plants or shops. 
They are being used successfully 
in lifting, holding, and retrieving 
devices such as: 

magnetic stands 

magnetic floor sweepers 

tramp metal separators 

magnetic paper grippers on 

machines 

part holders on conveyor lines 

sheet metal separators 

dip tank retrievers 

stainless steel grade identifiers 


Send for free, complete Standard 
Stock Catalog. And remember, 
if the magnet you need is not in 
stock, it can be made to your 
specifications 


FREE MAGNET IDEA KIT 


Free kit gives complete details 
on many of the devices using 
Carboloy permanent magnets 
See how these magnets can elim- 
inate costly clamps, jigs, vises 

speed setups, production 
Send for your kit today (address 
on next page). 


CARBOLOY 
ALNICO PERMANENT MAGNETS 


for lasting magnetic energy 


PRECISION CONTROL 
High quality of Carboloy Permanent 
Magnets is no accident. Raw materials, 
production, inspection and testing con- 
trols are rigid, accurate. Your specifi- 
cations, down to the last detail, are 
met exactly. You are always assured 
of uniform quality 


FLEXIBLE DESIGN 
Carboloy makes available many mag- 
net materials. The large group of sin- 
tered and cast Alnico alloys covers a 
wide range of magnetic and physical 
properties. From such a wide choice it 
is now possible to undertake magnet 
applications and designs heretofore im- 
practical or impossible. 


SPECIALIZED PERMANENT MAGNETS BUILT TO YOUR DESIGN 


Through research and experience gained in developing thousands of magnetic 


applications, and in working with thousands of product designers, Carboloy 


engineers have a tremendous backlog of knowledge of magnet and subassembly 


design. These engineers are at your service to recommend or help you design the 


most satisfactory magnet or subassembly for your job. Get free technical bulletin 


Permanent Magnet Design Manual 


CARBOLOY ALNICO PERMANENT MAGNET ADVANTAGES! 


Cool—generate no heat 

Require no electrical energy 

Cost nothing to operate 

Eliminate coils, windings, wiring, et« 


Need no maintenance—no coils to burn 


out, no slip rings to clean or replace, et 


Simplify mechanical 


assemblies —exe 


c 


rt 


strong tractive force for holding, lifting 
and separating devices that eliminates 
component parts, makes product design 


and fabrication simple 
Save space 
small sizes 
Powerful 


great magnetic strength 


and power is constant 


@ Combine electrical and mechanical fea 


tures—transform electrical energy into 
mechanical motion; mechanical motion 
into electrical energy 

No power failures ever 

Resist moisture 
ness 


no coils to collect damp 


Give uninterrupted operation 
Create often eliminate costly 


power-supplying parts 


Savings 
Simple—no operating parts 
Reduce weight, product size 


Supply a permanent source of energy 


CARBOLOY ALNICO PERMANENT MAGNETS 
TABLE OF PROPERTIES 





Average densit y— pounds per cu. in 


Average density — grams per cu. in 
Resistivity—microhms per CM per CM? at 25°C 
Coefficient of thermal expansion 

Tensile strength— Ibs. per sq. in 

Transverse Modulus of Rupture—Ibs. per sq. in 
Hardness— Rockwell C 

Min. residual induction B,* 

Min. coercive H.* 


Min. available energy (Ba Ha) Max. 10° 





» 





CAST ALNICO SINTERED ALNICO 


= oe 


10,500 





10,000 








*(,uaranteed minimum values 


Be sure to write for Carboloy Permanent Magnet Stock ¢ 


stalog PM-100 and Design Manual! PM.-! 








A 
TRAINED 
CARBOLOY 
ENGINEER 


is ready to give prompt at- 
tention to your request for 
up-to-the-minute applica- 
tion techniques on whatever 
Carboloy Created-Metals 
vou are interested in. Re- 
search, design and technical 
data are available to help 
you obtain maximum pro- 
duction consistent with 
product quality and econ- 
omy 

Feel free to write for tech- 
nical data, bulletins, cata- 
logs, or descriptive material 
of any type you believe will 
be helpful to you. There is, 
of course, no cost or obliga- 
tion involved 


Look to the Carboloy 
organization for contin- 
ved pioneering in the 


field of created-metals. 


CARBOLOY 


CREATED-METALS 


CARBOLOY HEVIMET 


heaviest man-made metal by density and weight, 
40% heavier than lead 


Carboloy Hevimet packs maximum 
weight in minimum space. Its density 
and weight are 46% greater than lead; 
tensile strength equals high-grade 
steel. Available in various sheet sizes, 
it is nonporous, readily machinable 
and highly resistant to atmospheric 
salt-water corrosion 


SUGGESTED USES 


As a radioactive screen, it permits 
considerable reduction in screen size 
with same degree of protection. As 
a balance weight, Hevimet dampens 
vibrations in crankshafts, propellers, 


centrifugal clutches, and rotating parts, 
as well as static and dynamic balancing 
of aircraft control surfaces 


CARBOLOY THERMISTORS 


for controls and circuit elements sensitive to temperature 
change as little as .0005°C. 


Carboloy Thermistors are electronic 
semiconductors which are extremely 
sensitive to slight temperature varia 
tions. When cold, their resistance is 
high; but as their temperature rises, 
resistance drops rapidly 


SUGGESTED USES 


Thermistors are available in rod, disc, 
and washer form and may be used to 
replace highly intricate equipment 
They are especially adaptable as the 
sensitive element in flow meters, time 
delay relays, voltage regulators, switch 
ing devices and other types of indica 


& 


tors or controls. Thermistors permit 


sensitivity of temperature control here 
tofore not readily obtainable 


Carboloy” is the trademark for the products of the Carboloy Department of General Electric Company 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11139 East 8 Mile Blvd., Detroit 32, Michigan 


Piants at Detroit and Edmore, Michigan 





WASHINGTON STEEL CORPORATION 


SP 


WASHINGTON, PENNSYLVANIA 
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“OUR PHOSPHOR BRONZE 


JUST THE IDEAL ALLOY FOR Springs 
| Screws 


a - 
a J diaphragms 








fourdrinier 
Screens 


The “specialty” of Seymour Phosphor Bronze — toughness, 
resiliency, and resistance to fatigue and corrosion — makes 
this wonder metal ideal for a thousand spring, electrical, 
and machined parts. Seymour’s range of grades and 
tempers gives the designer a selection of qualities 
to fit the job. 

Technical data are yours for the asking. Glad to 
furnish samples for tests, and our engineering de- 
partment is ready to discuss your problem without 
obligation. 


THE SEYMOUR MANUFACTURING COMPANY 


ae 
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INORGANIC CHEMICALS 






CONDITIONS 


0-30% at 100° C. 
0-20% at 100° Cc. 


Ferric Chloride 
Cupric Chloride 
Mercurie Chloride 
Stannic Chloride 
Aluminum Chloride 
Sodium Chloride 


0-24% at 100° C. 
0-25% at 60° C. 







Sodium Hypochlorite 6% at 100° C. 
Chlorine Saturated Water 
Wet Chlorine Gas 75°C. 


Chromic Acid 10% and boiling 


Nitric Acid 
Sulfuric-Nitric Acid Mixture 
at 35° C. 


ORGANIC CHEMICALS 


Lactic Acid 
Aniline Hydrochloride 


0-85% at 100° C. 
0-20% at 100° C. 


100% at 100° Cc. 
100% at 100° C. 


Chloroacetic Acid 


Dichloroacetic Acid 


|. planning now to improve your present and future 
products with the many advantages of titanium and 
titanium alloys. Made from titanium sponge—pioneered 
commercially by Du Pont—these new materials of con- 
struction have very high strength to weight ratios ... 
excellent corrosion resistance and greater ability to stand 
elevated temperatures than aluminum or magnesium. 


Start your own evaluation tests now and be prepared 
for the day when titanium is available for expanded civilian 
use. Although Du Pont is a prime producer of titanium 


DU PONT 


TITANIUM 


"6.4.5. pat. orf 


Better Things for Better Living . . . through Chemistry 
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TITANIUM 


OFFERS CORROSION RESISTANCE 
UN MATCHED 


All Conc. at 100° C. 


All Conc. at 100° C. 


Room Temperature 


All Conc. at 100° C. 
40% sulfuric, 60% nitric 


SRR Raa 8 an Fae 





BY COMMON METALS 


for these applications « 











Process Piping, 
Pumps, Valves, 
Evaporators, 
Crystallizers, 
Kettles, 

Heat exchangers 


Equip t for king bleaches 
Proportioning equipment 
Recovery equipment; electrolytic cells 


Plating equipment 










Acid Heaters, Nitrators 
and Auxiliaries 












Dairy equipment 

Equipment in the manufacture of 
pharmaceuticals, dyes, explosives ; 
Chemical synthesis 

Chemical synthesis; equipment in 
manufacture of pharmaceuticals 

Chemical synthesis; equipment in 

manvfacture of dyes 


metal in sponge form only, we can recommend manu- 
facturers who may be able to supply fabricated and semi- 
fabricated forms of titanium and titanium alloys for 
commercial evaluation. 


As a pioneer in the field we are in a unique position to 
supply you with valuable information on properties, appli- 
cations and processing of this new structural material. Just 
let us know what applications for titanium you have in 


mind. Call or write: E. I. du Pont de Nemours & Co 


Inc.), Pigments Department, Wilmington 98, Delaware 
| E. I. duPont de Nemours & Co. (Inc i 
| Pigments Department, Wilmington 98, Del. | 
| Please send me your technical bulletin on the cor- | 
| rosion resistant properties of titanium. I am interested | 
| in using titanium for the following applications | 
Name Position { 
| Firm | 
Address 
| City State | 
(Re cc ce me ee ee ee ee ee ee ee oe oe oe oe oe oe oe oe oe = 4 





Mill Roll Manufacturer Reports 


PRODUCTION BENEFITS 


resulting from high 


UNIFORMITY 


of Standard rings 


By exercising precise control of forging and rolling 
operations, the Standard Steel Works Division assures 
greater uniformity in the structure and analysis of 
each ring. 

Typical of performance records is a report from a 
large eastern manufacturer of mill rolls where Standard 
rings are employed as thrust rings (inside bearing 
raceways) on the finished roll. Not only do they report 
a 50% saving in cost, but they also find that the grain 


structure, analysis and precise specification of the 
steels used in Standard Steel weldless rings is of 
the highest caliber. 

Thus another reason why you should standardize 
on Standard Steel rings and flanges to protect the 
quality of your products is the fact that you can be 
certain of Standard’s uniformity in manufacture. 

ONE OF SIX REASONS why you should always 
call Standard Steel for rings and flanges. 


Quality Steel —through produc- 
e tion of own steel by acid process. 


Testing — radiographic tests, ten- 
e sile tests, hardness tests, ultrasonic 


' . : robing of internal structure, etc. 
Uniformity— assured by precise P 9 


e control of forging and rolling 
operations, 


Capacity —vnsurpassed ability to 
e produce weldliess rings all the 
way up to 144” O.D. 


Experience— produced by skilled 
e workmen with 20 to 40 years 
experience. 


Fast Service—a vital factor in 
e the continuing growth of Standard 
Steel for over 150 years. 


For more information write Dept. 8535 


Standard Steel Works Division 


BURNHAM, PENNSYLVANIA 


BALDWIN - LIMA = HAMILTON 


General Offices: Philadelphia 42, Pa. ¢ Offices in Principal. Cities 
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If your products or components call for the properties 
of a stainless steel, here is a stainless that shows unusual 
promise for many applications. And this steel (Carpenter 
No. 3, Type 443) is particularly important today for 
jobs requiring an improved straight chrome stainless to 
replace the 18-8’s restricted by Government 
Regulations. Carpenter Stainless No. 3 gives you 
excellent corrosion resistance, high resistance to scaling, 


Typical user reports on Carpenter Stainless No. 3 


This rod end bearing for military aircraft 
must have heat resistance, ability to resist 
salt corrosion, good machinability and good 
cold forging qualities. Carpenter No. 3 has 
met all these requirements and is giving an 
excellent account of itself both as to corrosion 
and heat resistance at operating temper- 
atures up to 1000°F. Moreover, No. 3 is not 
subject to intergranular corrosion at 
this temperature. 








pwn) 


and a low annealing temperature (500°F lower 
than type 304). Moreover, No. 3 provides machin- 
ability comparable to SAE 3145, 3250 or 4650. For 
more information on No. 3—its mechanical 
properties, relative workability, corrosion resistance, 
recommended uses, etc....drop us a line on your 
Company letterhead for the new descriptive folder 
on Carpenter No. 3. 


These jaw inserts for tenter clips grip and 
stretch nylon cloth as it rolls through finish- 
ing stages. Inserts must be spotless and must 
resist corrosive action of the dyes because 
a slight surface defect could break the 
threads. In addition to good corrosion resis- 
tance, No. 3 gave the inserts high wear 
resistance for long service—including 
resistance to abrasion from tale and china 
clay used in other textiles processed. 








A word about availability... 

Carpenter Stainless No. 3 (Type 443) is available from 
Reading Warehouse Stocks, hot rolled annealed in sizes 
3¢’’ to 254"’ round. Other standard bar sizes and finishes, 





CARPENTER SPECIALTY 
STEELS 


CARPENTER MATCHED 
& 2 STEELS 
STEEI 

MOLD 


ALLOY 

HiGH SPEED 

BITS, TOOI 

DRILL RODS & 

LESS TUBING & 
FINE WIRI 
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Export Department 





also cold rolled strip, are manufactured to order in 
minimum quantities of 500 pounds per size. Mill ship- 
ments are currently 60 to 120 days from receipt of order 
and neither priorities nor allotments are required. 


THE CARPENTER STEEL CO., 117 W. Bern St., Reading, Pa 
The Carpenter Steel Co., Port Washington, N. Y.—“CARSTEELCO” 








7’ | © Stoinless Steel | 


arpente 


pioneers in improved specialty steels 


Call your nearest Carpenter Mill-Branch Warehouse, Office or Distributor 


Bz! 
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TUBING 


The Finest of Lausiniied Materials. ot 


We are providing manufacturers with a complete line of precious 
metals laminated to non-precious base metals made to their exact speci- 
fications within the following limitations: 

SHEET STOCK: Maximum width—S5 
Minimum width 
Thickness—down to .003 
TUBING: Maximum diameter 1” x .050” wall 
WIRE: All sizes down to .0045” diameter also 
squares, rectangular and odd shapes. 

In addition to laminated materials we also furnish alloyed gold and 
silver in sheet, wire or tubing form. 

The many varied applications of our materials cannot be listed here, 

but you are cordially invited to inquire for infor- 
mation regarding your requirements. 








The Home of IMPROVED Service 
Rhode Island's largest manufacturer 
of Laminated Metals 





The IMPROVED SEAMLESS WIRE COMPANY 


INCORPORATED 1898 


775 Eddy Street, Providence 5, Rhode Island 





e CARBON STEEL 
e STAINLESS STEEL 
e ALUMINUM 


Athex expanded metal imparts its advantages 
to thousands of applications. You may have it 
either plain or flattened in a wide variety of 
types and sizes. 


ATHEX STAIR TREADS & 


INDUSTRIAL GRATING EE | 
are made of extra heavy expanded metal, com- FR Descriptive 


bining strength, lightweight, maximum passage booklet showing 
of air and light, safer footing and ease of vorious types and 
installation for every industrial or commercial applications. 

need 


| YW Gentlemen: 
A Please send me descriptive book- 


: let of ATHEX Expanded Metal. 
is a 
product of BXSGIRSaNiing “°"" 


Address 


Bs2 





New Catalogs 
and Bulletins... 


are listed toward the 
end of every section of 
the HANDBOOK 
These new reports 
from manufacturers 
keep you posted on 
everything newly avail- 


able to you. 


You can easily 
obtain new catalogs 
and bulletins .. . 


simply by filling in the 
convenient post cards 
following page 24. 

These post cards also 
have spaces for you to 
indicate ADVERTISED 
PRODUCTS about 
which you'd like to 
know more. You will 
get the data you indi- 
cate directly from the 
manufacturer. Make 
use of these handy, 


postage-paid cards. 
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By putting at your fingertips a wealth of factual information on a wide variety of wear-resistant materials: 


MATERIAL 


ABK Metal 


ABK Laminated 
Fabric 


American 
Brakeblok® 
Friction Materials 


Amsco® Pumps 


Amscoating * 
Hardfacing 
Products 


Bearing Metals 


Bronze and Copper 


Castings 


Ductalloy Castings * 


HC-250 Castings 


Meehanite ‘ 


Thermalloy 
Castings® 


DESCRIPTION 


Nickel-chrome iron for 
severe abrasive service. 


Weter-lubricated, 
molded bearing mate- 
rial 


Molded brake lining, 
standard and special. 


Pumps especially built 
for industrial liquids 


Alloy welding rods and 
electrodes 


Babbitt; bronze cored 
and solid bars. 


Aluminum bronzes, man- 
ganese bronzes, brass- 
es, copper alloys. 


Ductile cast iron (nodu- 
lar iron) 


High-chromium, high- 
carbon iron for severe 
abrasive service. 


High-quality, controlled- 


property irons. 


Nickel-chrome heat- 
resistant alloys. 


USE 


Pump impellers and 
housings, ball mill liners, 
ash and slurry piping. 


Roll neck bearings, slip- 
per bearings, marine 
stern tube bearings. 


Brakes for cranes, hoists, 
shovels, draglines, etc 


Pumping sludges, slur- 
ries, ashes and similar 
fluids 


Hardfacing and build- 
up of industrial equip- 
ment. 


Bearings for rotating 
machinery and general 
industrial equipment 


Mill and furnace parts, 
general machinery, 
gears, impellers. 


Complex, highly stressed 
parts impractical in 
other metals. 


Machinable parts to 
withstand extreme 
abrasion 


Castings requiring spec- 
ified structure and con- 
sistent properties. 


Castings for heat, cor- 
rosion and abrasion re- 
sistant service. 


LITERATURE AVAILABLE 


Technical bulletin giving physical properties, character- 
istics, foundry and machining considerations, typical 
applications. Illustrated; 4 pages. 


Folder specifying physical and chemical properties, 
machining and operating characteristics. Photographs, 
cutaway views and diagrams; 6 pages. 


Catalog giving design cnd application data, material 
characteristics, specifications for various makes and 
models of equipment. 20 pages 


Folder giving design and construction details, sizes, rat- 
ings, performance characteristics, service information 
Photographs, diagrams, exploded views: 8 pages. 


Selector wall chart showing characteristics of numerous 
hardfacing rods and electrodes, with nearest competi- 
tive equivalents. 


Technical bulletin giving data on composition, physical 
properties, applications, for eight types of babbitts; 
similar information on bronze bearings, bushings, guides, 
related parts. Tables, photographs; 16 pages 


Brochure giving applications, corrosion recommenda- 
tions, physical and chemical properties, analyses, speci- 
fications. Illustrated; 28 pages 


Technical bulletin giving characteristic curves, micro- 
structure, physical properties, foundry and machining 
characteristics. Illustrated; 12 pages. 


Technical folder giving physical properties, character- 
istics, applications, typical service records. Illustrated; 
6 pages. 


Booklet listing characteristics and physical properties of 
general engineering, heat resisting, and corrosion re- 
sisting types. lilustroted; 8 pages. 


Folders giving characteristics of specific alloys and ap- 
plications as retorts, centrifugal castings, heat-treating 
pots, kiln and cooler parts, furnace trays and fixtures. 


By developing and testing special designs or alloys in an experimental research center consisting of: 


Physical, chemical and metallurgical laboratories, 
and a modern experimental foundry organized to 
develop new alloys and methods of productior, with 
special emphasis on problems involving industrial 


AMERICAN 


Brake Shoe Attention: J.P. Carroll - 


COMPANY 


58 PLANTS SERVING 


wear from impact, abrasion, heat, friction, vibration 
and corrosion. If your designs call for a part that 
should last longer, Brake Shoe research engineers 
may help you in developing it. Why not consult them? 


230 Park Avenue + New York 17, New York 





INDUSTRY AND TRANSPORTATION 





Are You Using Bearing Bronzes 
in any of these Specifications ? 


S$AE—660 AMS—4840 
ye] AMS—4842 
SAE— 67 AMS—4822 

AMS—4825 


ASTM B-144 Type 3£ 
ASTM B-144 Type 3A 
ASTM B-144 Type 3B 





... If you are, then it will 
pay you to consider 


BEARIUM METAL 


S WHY hes BEARIUM METAL has the physi- 


cal properties of these bronzes 





HERE’ 


plus the frictional properties usu- 
ally found only in babbitt. The 
secret of Bearium Metal's supe- 


















riority is due to the uniform dis- 
tribution of microscopic lead 
particles within the copper-tin 
grains rather than between the 


grain boundaries. 





By 


Available in— 

ROUGH-CAST BARS... 
INDIVIDUAL CASTINGS 

. . « COMPLETELY 

MACHINED PARTS ta 


Ys 


FULL INFORMATION FURNISHED ON REQUEST 


BEARIUM METALS CORP. 
264 State St., Rochester 14, N. Y. 


WEST COAST AFFILIATE: IN CANADA: 
Nevin Engineering Associates Bearium Metals of Canada, Ltd. 
932 Chautauqua Bivd. 155 George St. 
Pacific Palisades, Cal Toronto 2, Canada 





BEARIUM METAL magnified 
25X shows lead (black n 

roscopic, globular form 
uniformly distributed. (Left 


Right) ORDINARY LEADED 
BRONZE at 25X shows poor 
ead distribution, with lead 
between opper grains 




















Catalogs 
and 
Bulletins 





Request additional information using 


posteards following page 24 


(N-1) ALUMINUM SHEET & 
PLATE—Kaiser Aluminum & Chemi- 
cal Sales Inc., Handbook, 152 pp. In- 
cludes discussions of the properties of 
aluminum, applications of sheet and 
plate alloys, fabrication and finishing 
methods, plus tables covering availa 
bilities; properties, and other informa- 
tion. One page is devoted to each 
standard alloy, giving mechanical 
properties and specihc qualities 


(N-2) MAGNESIUM FINISHING 

The Dow Chemical Co., Manual 
128 pages. Describes in detail surface 
stability and surface treatment, includ 
ing cleaning, mechanical finishing, 
chemical treatments, electroplating, 
painting, and assembly protection for 
magnesium alloy die castings, sand and 
permanent mold castings, and sheet 
plate and extrusions 


(N-3) BRONZE CASTING AI 
LOYS—American Manganese Bronz« 
Co., Booklet, 48 pp Called a ‘Refer 
ence Book on Bronze Casting Alloys,’ 
it gives general information on com 
position, characteristics, and applica 
tions of many of the common or typical 
alloys. Has index of specifications for 
common kinds of bronze castings; and 
an index of applications and character 
istics of bronze alloys in cast form 


(N-4) STAINLESS STEELS—Armco 
Steel Corp., Bulletin, 46 pp Discusses 
the fundamentals of stainless steels, 
then the types of stainless steels, in 
cluding a complete chemical analysis 
of each. Types covered are: the chrom 
ium-nickel; ferritic chromium; the 
martensitic chromium; and the precipi 
tation-hardening types. Also gives 
other properties, and details on fabri- 


cation, blackening, and electroplating 


(N-5) BRASS PARTS The New 
Jersey Zinc Co., Booklet, 32 pp. En 
titled, “Facts about Pressed Brass and 
Other Non-Ferrous Powder Parts’, it 
is written primarily for designers, en 
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BUSINESS IN MOTION 








To mer CoLeagued on ‘gtlnanadinias yee ke 


A national enterprise of long experience, such as 
Revere, inevitably accumulates a great deal of in- 
formation, not only about its own products, but about 
other companies, their products, facilities and skills. 
Some of this data naturally is confidential, and is 
respected as such, but often it can be made avail- 
able, with mutual advantage. Here are some examples. 
© A Revere customer asked for advice about expand- 
ing copper tube. We recommended a change in size, 
and referred the company to a firm we knew had both 
the necessary equipment, and 
the know-how. Result: business 
for the three of us. 

¢ A manufacturer had on his 
drawing boards a new product, 
a milk cooler. Having benefited 
by our collaboration in the past, 
he brought us into the picture, 
so that we were able to work 
closely with his engineers. Our 
knowledge of baffling led toasug- 
gestion that increased efficiency 
by 30%, used no more material, 
and also eliminated soldering. 

® When a product is in a highly competitive field, 
cost reduction can have a vital influence on sales and 
profits. The maker of a baby stroller asked Revere 
what could be done to cut costs of aluminum tube 
without affecting quality of the stroller. Changes in 
alloy and gauge were recommended, and proved effec- 
tive in every way. Revere now sells this manufacturer 
less aluminum per stroller, but has gained the respect 
and orders of a growing company. 

© Tuning condensers for radios usually have alumi- 
num plates, stamped from strip that has to be held 
to close standards as to gauge and flatness. A con- 





denser firm thought well enough of Revere to place 
a trial 500-pound order. Both the Sales Department 
and the Technical Advisory Service followed through, 
ascertaining the individual requirements of the com- 
pany, and interpreting them in the light of mill tech- 
niques and previous experience in this field. The 
trial shipment was so satisfactory that a large pro- 
duction order was placed. 

© A most competent manufacturer told Revere he had 
been working for two years on an aluminum brazing 
problem. It wasn’t an easy prob- 
lem to solve, as we found out 
when we dug into it, but we 
licked it in three weeks. After 
all, Revere began making alu- 
minum mill products in 1922, 
and through all the years since 
has been adding to its knowl- 
edge of the metal. 

© A fabricator took a contract 
to make soap dishes, a new kind 
of work to him. He had been 
told by his customer that each 
dish should be annealed twice 
The Technical Advisory Service worked closely with 
him, set up specifications for temper and gauge, and 
stimulated new thinking on tool design. On two dishes, 
annealing was eliminated; on another, only one anneal 
is required. 

These are but a few cases from the Revere files. Many 
other suppliers of materials of all kinds can match 
them. You may not buy metals, but such things as 
wood, paint, felt, chemicals, cement; no matter. What- 
ever you purchase, it will pay you well to take advan 
tage of the special knowledge and skill of the firms 
with which your purchasing department is in contact. 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y. 
SEE REVERE’S “MEET THE PRESS” ON NBC TELEVISION, SUNDAYS 
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OF MANY MODERN PRODUCTS 


Diamonp Perforated Metal is al- 
ready an important factor in the design 
and construction of more products that 
enter into everyday life than most people 
realize. In space heaters, for example, 
in air conditioners. television sets, dif- 
fused lighting fixtures, the ornamental 
enclosures which conceal your radiators, 
the spinner basket of your washing ma- 
chine, the screens which prepare the 
coal you burn and the food you eat. 


Industrial applications cover an even 
wider range —from machinery guards 
and sound control equipment to stain- 
less steel screens for oil refineries and 
synthetic rubber plants. But all of these 
are only the beginning of more and 
greater achievements to come. New 
opportunities are developing every day 
as we keep in step with the develop- 
ments and requirements of engineers, 
chemists and industrial designers. 


Catalog 39 shows many present appli- 
cations,—gives all the illustrations and 
working data you need to plan ahead. 
Write today for a free copy and tell us 
about any present or prospective re- 
quirement. We are equipped to fabri- 
cate complete parts, if desired, and our 
engineers welcome opportunities to make 
money-saving suggestions, 


+ 


JUKE BOXES 


| 
“S 
i > 


METAL FURNITURE 


Ca 


SS 

=—=S 
SS) 

LIGHT FIXTURES 


DIAMOND MANUFACTURING CO. 


Box 40 Vvinccecte tes 


PENNA. 


gineers, and metallurgists, and is in- 
tended to be a reference when designing 
and selecting small structural parts for 
fabrication by powdered metallurgy 
The first section discusses maximum 
and minimum sizes, practical shapes, 
physical and mechanical properties, 
precision and tolerances, plating and 
other finishes, self-lubricating, produc 
tion speeds, raw materials, and tool 
costs. The second section contains 24 
case histories of commercial parts, il 
lustrating various aspects on the topics 
in the first section 


(N-6) COPPER-BASE ALLOY ROD 

Copper and Brass Research Associa- 
tion. Handbook, 30 pp. Discusses the 
advantage of using copper-base alloys; 
forms and tempers; table of mechanical 
properties; complete details on machin 
ing; supplementary or secondary oper 
ations; and assembly Operations. Has 
illustrations on each topic plus many 


tables. 


(N-7) TITANIUM AND ALLOYS 

Republic Steel Corp., Booklet 588, 
30 pp. Gives background data plus de- 
tails on melting titanium including in 
duction and arc melting, plus details 
on processing. Also gives physical 
properties on pure titanium and dis 
cusses composition, physical properties, 
impact, heat treatment of alloy titani- 
um, and forming, machining, welding, 
brazing, soldering and the fabrication 
of titanium. Also gives corrosion re- 
sistance, approximate theoretical 
weights and hardness conversion 
curves 


(N-8) COPPER SPECIFICATIONS 
INDEX—The American Brass Co., 
Booklet B-34, 28 pp. Entitled ‘Co per 
and Copper Alloy Specification Index’ 

the booklet is divided into two sec 

tions, the first covering generally used 
copper alloys, together with the appli 
cable specifications of nine different 
agencies. The second lists specifications 
in numerical order with a brief de 
scription of the material as to alloy 
grade, type, temper and anneal 


(N-9) PROPERTIES OF MAGNET 
IC ALLOYS—The Arnold Engineer 
ing Co., Bulletin TC-101, 26 pp 
Discusses the use of such magnet 
materials as deltamax, 4-79 mo-permal 
loy, and supermalloy. A list of 14 sizes 
of standard cores has a range in weight 
from 3.0 to 3,410 grams. Has 16 pages 
of curves giving data on these alloys 
Illustrations show variety of tape 
wound cores 


(N-10) MODERN METAL PROC 
ESSING—General Electric Co., Bulle 
tins GEA-5797 and 5912, 20 pp 
Titled, “Annealing of Malleable Iron,” 
ind “‘Heat-Treating Equipment for 
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THE STANDARD TUBE CO. 


Detroit 28 


Welded Tubing 


: 


si An Dae, 


Michigan 


Fabricated Ports 
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welded steel and 
stainless steel tubing 


sizes and thickness chart 


Tube ; 
Dia. Wall Thickness Ranget 


OD. Carbon Steel |Stainless Steel 
Size 


049 
049 
049 
049 
049 
049 


065 


5’ 065 


Please consult us for intermediate sizes not 
listed 
+ Wall thickness in decimals of inches corre- 
sponds with Birmingham Wire Gauge. Decimal 
gauges as specified by A.S.M.E. codes can be 
furnished 
Max. Length—50 ft. Drawn tubing—24 ft. 


sales representatives 
STANDARD TUBE SALES CORPORATION— 
7601 Woodhoven Bivd., Brooklyn 27, N. Y 
Cc. A. McCLENATHAN— 
447 Glenwood Boulevard, Erie 5, Pa 
LAPHAM-HICKEY COMPANY — 
3333 West 47th Place, Chicago 372, Ill 
Branches 
4738 W. Lisbon Ave., Milwaukee 8, Wis 
2127 LeClaire St., Davenport, lowa 
8334 Roland St., Cincinnati 15, Ohio 
500 Pioneer Bidg., St. Paul 1, Minn 
5204 Boulevard Place, indianapolis, ind 
INDUSTRIAL PRODUCTS SALES, INC.— 
227 West Exchange St., Akron, Ohio 
LAWRENCE-TOTTEN COMPANY — 
714 W. Olympic Bivd., Los Angeles 15, Calif 
Branches 
55 New Montgomery St., San Francisco 5, Calif. 
710 Second Ave., Seattle 4, Wash 
METAL GOODS CORPORATION— 
5239 Brown Avenue, St. Louis 15, Mo 
1300 Burlington, North Kansas City 16, Mo. 
302 North Boston, Tulsa 3, Okla 
6211 Cedar Springs Rd., Dallas 9, Texas 
711 Milby Street, Houston 3, Texas 
432 Julia Street, New Orleans 12, La. 
2425 Walnut Street, Denver 2, Colorado 
RICHARD WADE— 
1420 Hamilton Bank Bidg., Chattanooga 2, Tenn 
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PERFORATING 


5618 FILLMORE ST., CHICAGO 44, ILLINOIS 


King 


NEW YORK: 114 LIBERTY STREET, 6 


MATERIALS 


All of the metals — steel, copper, 
brass, aluminum, monel, zinc and 
stainless steel. 

Wood Products — hard boards and 
plywood. 

Plastics—and plastic coated fabrics 
in sheets or rolls. Materials can be 
perforated in sheets, plates or coils. 


PERFORATIONS 


Round holes from 1/50” diameter 


FACILITIES# 


The largest shop in the country de- 
voted exclusively to perforating — 
with 70 years of experience and 
specialized equipment designed to 
handle small or large orders—with 
emphasis on quality workmanship at 
lowest possible prices. 


Catalog No. 62 


Fully illustrates and de- 
scribes H & K Perforations 


PERFORATED MATERI 
Vudustrial 


up through 9” diameter. 

Slotted patterns from .006 wide, 
upward. Squares, triangles, orna- 
mental and special shapes in a wide 
range of patterns, spacings and __ 
arrangements. 7 


FABRICATING @ 


Shearing, rolling, welding, emboss- e 4 
ing and other fabrication when ‘( 
required. beel ry i" -_., 


—write for your copy. 


Ve OE Oe 
If it can be perforated...H & K can perforate 


The 
Metals 


Handbook 


1332 Large pages 
1752 Illustrations 
1057 Tables 

803 Articles 
1,620,000 Words 
40,000 Copies in use 


Has Hundreds 
of Structural Uses 
in Modern Plants 


Te Name 





a Feu: 


@ Walls and Partitions 
@ Doors 


@ Counters and Shelves 


@ Traffic Panels 


@ Truck Bodies (Patented 
‘Ribless’’ Construction) 


@ Truck Body Panels 
@ X-Ray Rooms 
@ Moisture-Va 


@ Decorative Finishes 


Met-L-Wood is metal 
bonded to plywood — per- 
manently. Many metals, 
woods, thicknesses, shapes. 
finishes are available to 
meet YOUR requirements. 


or-Proof 
Rooms and Containers 


Met-L. Wood 


tefabricared stock panels and 


©€0ge to modern 





gineers and designers 
iple possib 


of their mult 


SEND FoR 


Quick f, i 
illustrations ‘oad 


tions, ty, 
bilities. Se 
obligation 


THIS BULLET) 
ON MET-L-woop Uses 
AND ADVANTAGES 


Of withour 
OD requese 


units are a chal. 


industrial en. 
Cause 








MET-L-WOOD CORPORATION 


6755 West 65th Street ¢ Chicago 38, Illinois 
“Met-L-Wood...opening new horizons to structural designers” 
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Here is a book without a competitor . 
a book written by more than 500 scientists 
and engineers for all those who need ac 
curate and authoritative information about 
metals. The Metals Handbook has been 30 
years in the making. The current, 7th edi- 
tion was compiled and written by 68 com- 
mittees of the American Society for Metals 
more than 500 contributors were hand- 
picked by the Society as the top experts, the 
men best qualified to write the most authori- 
tative possible reference book on metals, 
metal properties, fabrication and uses. The 
book is divided into 37 principal sections 
and contains 803 separate articles and data 
heets on metals, properties, 
ing, testing, inspection, control and re- 
search. All metals, all processes, are in- 
cluded. The 64-page index and 4-page sec- 
tion on how to use the book make 
to find what you want 

Over 40,000 copies of this edition are now 
in use by scientists and engineers of all 
kinds who need accurate information about 
metals, Order your copy today by returning 
the coupon. Price is $15.00. 
See88 Seee8e828e8e8e8e8e8 Geeeaeee’ 


American Society for Metals, Room 476 
7312 Euclid Ave., Cleveland 3, Ohio 


Rush me a copy of Metals Handbook. 
NAME . 
COMPANY 
ADDRESS 
Cire ... aware 
C) $15.00 Enclosed 0) Bill me. 


uses, process- 





it easy 








STATE 
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Ask your nearest Sandvik office for 
further information or technical assisteggam 


Wherever spring steel performance is vital, it pays to 
look into the ‘character’ of the steel you specify. By 
“character” we mean the inherent quality of the material 
which enables it to meet tough physical demands. 


Sandvik Swedish strip steels have a special “aptitude” 
for tough applications. (For example, take a look at the 
partial list below). The extraordinary “character” of 
Sandvik steel results from a basic purity of raw ma- 
terials, plus specialized methods and close control 
maintained throughout processing. This assures con- 
sistent, successful performance coil after coil, lot to lot. 


Sandvik cold rolled high carbon strip steel is available: 
In special analyses for specific applications. 
Precision-rolled in thicknesses to fit your requirements, 
In straight carbon and alloy grades. 

Annealed, unannealed or hardened and tempered. 
Polished bright, yellow or blue. 

With square, round or dressed edges. 

Wide range of sizes in stock—also slitting facilities available. 


ANDVIK Swedish Specialty Strip Steels are used for Textile 
Machine Parts such as sinkers, needles, etc. * Band Saws (metal, 
wood and butcher) * Camera Shutters * Clock and Watch Springs 
* Compressor Valves * Doctor Blades * Feeler Gauges * Knives 
such as cigarette knives, surgical instruments, etc. * Razor Blades 
* Reeds * Shock Absorbers * A Wide Variety of Springs * Trowels 
¢ Vibrator Reeds * Piston Ring Segment and Expanders, etc. 


Sandvik also supplies high quality Swedish Magnet Iron Strip and 
Wire for specialized electrical purposes such as direct current relays, 
electromagnetic brakes, couplings, chucks etc. 


\C ie 


SANDVIK STEEL, INC., 11) EIGHTH AVE., N.Y. 11, N.Y, Watkins 9-7180 
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Aluminum.” The first discu 


shortening of annealing cycles 
fects of temperature analysts 
cycle, and the various types of | 
The second covers the process 
tion heat-treating, annealing 


TAL M 
met AR x and stabilizing of aluminum 


& X PA we 2) a 2) = (N-11) GEAR MATERIALS 


1 International Nickel Co., In 


let EW-92 5, 20 pp. Entitled 
OF Quauity Trends in Nickel Steel and (¢ 


Gear Materials’, it discusses 
: : ing and direct hardening nx 
Experienced housewives prefer | al vai tom onl umole 
° j St Ss, anc OV and CC I 
il Ironing Boards with Penmetal Ex- ; me 
8 #,8 8 / > nickel gray cast iron, as wel 

if on | ionin panded Metal tops. They're stronger ; - iit 1 ¢] ; : 
—lighter—non-warping for smoother machinapiity and the ciects 
ironing — “air-conditioned” to mini- ous types of heat-treatments 
FOR IRONING mize pad scorching and accidental fire. teristics Of a we pitation h 
nickel steel 1 sollen N are r 


BOARDS Dealers prefer them because they is well as he recently develo 
sell on sight—and for less. 


? 
r j ) 
tiie iron 


Manufacturers prefer Penmetal Ex- : 
panded Metal Mesh for countless ap- (N-12) NOMENCLATURI 
plications. It’s easily formed, shaped Aluminum Association, Book 
and welded... weighs less than solid Contains a glossary of terms fi 
sheets. Costs less, too. num sheet and plate, and al 
extruded and tubular products. ( 
3 Rid: ° definitions of, and miscellaneo 
7 | 
applic: ab le to these products 
Knee Room 
Adjustable Alt- (N-13) PRECISION NON.-FE! 
Steel Ironing ; a - ¢ , : 
Table Mig. by ROUS CASTINGS Universal ( 
} . 
a icine ings Corp., Booklet 1000, 16 | 
Park, Minn, illustrations of parts, and the 
and physical properties of : bras 
iluminum bronze: manganese 
silicon bronze; nickel al 
bronze; beryllium copper 


num 


(N-14) ALLOY STEEL PRODU 
Stroh Process Steel Co. Cat 


». Included are pages on cast g 


PI 
bevel gears, mill protons, S| 


coupling boxes flang 


sprockets, sheaves, acid. 
| 


Iso has a comparison betwe 
Anh e, ienssetesietics al Stroh 20 deg 
\ ED teeth gearing and standard 
PEN To > edn, Ls AND Md PENMME he expand nvolute teeth gearing 
metal is the material of economy —for protection, ¥ 


streening, for lightweight yet strong construction. (N-15) ALUMINUM MILL PR‘ 
MAKES A LITTLE METAL GO A LONG WAY. ore wAN UCTS— Reynolds Metals Co. B 


expanded metal is sheet metal which has been slit, 12 pp. It gives the advant 
24 gives t advan 


then stretched to as much as 10 times original area. 1! ol 
nm wrought aluminum alloys, and 
CORROSION-RESISTANT METALS AVAILABLE, as well a ) the various product forms, fini 


carbon steel. Large or small mesh, light or heavy gauge. loys, tempers, and sizes that a! 


/ Each sheet is a unit without rivets or welds. ; ; 
able. Casting alloys are also 1 
UP TO 80% LIGHTER than solid sheet of same du 4 , , cl 
Also has an alloy selection guide 
sions. Td truss pattern adds rigidity an 9 . . 
well as information on fabricating 3 
mT eR i finishing 
eRe) / (N-16) SPECIAL PURPOSE STEEL 
Arnco Steel Corp., Catalog, !2 P 
For more information, - 


Describes special purpose ste« 
write for Free Bulletin EM40 . : ; : 
as stainless grades, zinc and al 


PENN METAL COMPANY, INC. steels, terne coat, enameling 


mechanical steel tubing. One 
GENERAL SALES OFFICES ° 205 East 42nd Street, New York 17, N. Y. discusses Type 430 Stainless S 


BOSTON, PHILADELPHIA. WASHINGTON, PARKERSBURG, W. VA., tells how it may be used as an 
DETROIT, CHICAGO, DALLAS, LOS ANGELES, SAN FRANCISCO, SEATTLE for Type 302? 
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The production of gas turbines for jet aircraft engines and other 

uses is dependent upon metals which at both high and low 

temperatures have good strength, toughness, and stability before 

and after welding. N-A-X AC9115 ALLOY STEEL possesses these 

properties and is applicable to those parts where the operating A New Booklet 
temperatures range from —70° F. up to about +1000° F., and For Design Engineers 
where suitable coatings are used for surface protection against 

normal and hot corrosion. 


N-A-X AC9115 ALLOY STEEL has outstanding cold forming and 


welding characteristics and conserves critical alloys in its 
composition. 


For more information about N-A-X AC9115 ALLOY STEEL, send for 
our new booklet. 


Write for this 16-page 
booklet on N-A-X 
AC9L1L5 ALLOY STEEL. It 
describes the properties 
and characteristics of this 
material and offers 
information on tts 
fabricating and welding 
propertics. 


HiGH- TENSILE STER: 
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NEW BOOKS 
Non-Metallic Materials & Finishes 





Synthetic Resins and Allied Prac- 
tices. Edited by R. S. Morrell and 
H. M. Langton, 747 pages, 6 x 9 in. 
Published by Oxford University 
Press, 114 Fifth Ave., New York 11, 
N.Y 

This third edition contains revised 
theories on the chemistry of the phen- 
ol-formaldehyde, amino-formaldehyde, 
and other synthetic resins. Some ot 
the materials covered are the protein 
and cellulosic plastics; vinyl resins; 
acrylic resins; coumarone and indene 
resins; ester gums; phenolic varnish 
and lacquer resins; alkyd resins; shel- 
lac; and petroleum hydrocarbon and 
rubber resins. References, photographs, 
formulas, tables, and diagrams are in 
( luded 


Cellulose by William Haynes. 386 
pp, 6 x 812 in. Published by Dou- 
bleday & Co., Inc., Garden City, 
New York, N. Y. $4. 


In this history of fact and legend, 
the author relates the story of the cel- 
lulose industry from the age of Marco 
Polo to the present, and gives th 
paradoxical and complex qualities of 
this useful chemical. It is the story 
of our most modern products and the 
products of the future—plastics, nylon, 
lacquers, lethal explosives, and even a 
ure for ulcers. Mr. Haynes has in- 
cluded a concise glossary, a chronology 
of events and discoveries and appen 


dices of statistical and technical data 


Extrusion of Plastics, Rubber and 
Metals by Herbert R. Simonds, 
Archie J. Weith and William 
Schack. 454 pp, 6 x 9 in. Published 
by Reinhold Publishing Corp., 330 
W’. 42nd St., New York 36, N. Y. 
$10. 


The first part of the book, compris- 
ing about two-thirds of the material, is 
devoted exclusively to the extrusion of 
plastics. Here, the extruding machine 
is fully described and the many appli- 
cations of extruded plastics are dis 
cussed. All commercially important 
methods of dry extrusion such as mul 
tiple-screw machines, multi-screw ma- 
chines, multi-colored products, sheets 
and films, and methods of compressing, 
pelletizing and extrusion packaging are 
described in a detailed yet easily un 
derstandable manner 


B72 


The remainder of the book focuses 
on extrusion of metals, t.e., sheets, 
rods, billet, and such material as rub- 
ber, food products, ceramics, graphite, 
and even ice. With special attention 
given to recent advances in the field, 
the book offers a combination of the 
technical and practical approach, all 
descriptions of extrusion methods be- 
ng carefully geared to the nature and 
actual operation of factory equipment. 


The Plastics Industry by Barrett L. 
Crandall, formerly Director of the 
Society of the Plastic Industry, New 
York, N. Y. 6 x 9 in., 36 pp. Pub- 
lished by Bellman Publishing Co., 


P. O. Box 172, Cambridge 38, Mass., 
Sl. 


A brief but informative summary of 
the followinng aspects of the plastics 
industry: (1) Make-up of the Indus- 
try; (2) Methods, Forming and Fab 
rication of Plastics; (3) Description 
and Definitions of the Various Plas 
tics Materials; (4) Personnel, Schools, 
Trade Associations and Trade Papers 
Associated with the 


Technical Data On Plastics. 184 pp, 
9 x 11 im. Published by the Manu- 
facturing Chemists Association, Inc., 
246 Woodward Bldg., Washington 
5, D. C. $2.50. 


This new revised 4th edition of 
Technical Data on Plastics’ is an in 
dustry handbook that describes and 
catalogs properties of all commercially 
available plastics. It covers 24 types ot! 
plastic materials and contains two new 
sections cowering the properties of vari 
ous plastics in the form of foams or 
thin films 

This volume attempts to focus the 
attention of molders, fabricators of 
plastics on the measured properties of 
these materials and on the variables 
that affect these properties. 

The materials for which data are 
published for the first time are alkyd 
and silicone molding compounds and 
epoxy resins. Other types of plastics 
covered in the book include: urea-for- 
maldehyde molding materials; cast 
phenolic resins laminate thermosetting 
products; laminated melamine prod 
ucts; allyl and polyester plastics; acryl- 
ics; polyethylene, fluorocarbons; poly- 
vinyl formal and butyral; vinyl chloride 


Product 


polymer and co-polymers; \ 


chloride; cellulose propionat 
nitrate: 


acetate sheets and molding con 


cellulose; cellulose 
cellulose acetate butyrate; and 
For each of the above ty 
book presents descriptive inf 
on general characteristics; 
and tabular data on fabricati 
bility; electrical, mechanical and n 
cellaneous 


nt 
l 


— “a 
properties; yI 


trade names and limitations 


Symposium on Structural Sandwid 
Construction. Published by th 
American Society for Testing Ms 
terials, 1916 Race St., Philadel phi: 
3, Pa. 120 pages. $2. ) 
This book is made up of 

papers and discussions that were ; 
sented at the 1951 annual meeting 
the American Society for Test ng M 
terials. The papers are: Developme 
and Trends in Lightweight Compos 
Construction; Sandwich Constructs 
in the Elastic Range; Strength of 
wich Construction; Compressive 
Torsional Instability of Sandwich G 
inders: Paper Honeycomb as a core ti 
Structural Sandwich Construction 
Aluminum Honeycomb Sandwich Cor 
struction, Developments in Structun 
Sandwich Building Panels Having ks 
organic Cores; and Fabrication Ted 
niques for Structural Sandwich Ge 
structions. These papers are illustrat 
with photographs, charts and g 


and contain bibliographical refer 


Fiber Glass Reinforced Plastics | 
The Polyester Laminating Fiel 
137 pages, 8 x 10 in. Published b 
the FRP Associates, 4 Brattle § 
Cambridge 38, Mass. $10. 


Prepared by eight 
students at the Harvard ( 
School of Business Administrati 
report is intended to be an 
survey of the fibrous glass reinf 
plastics laminating field, with 
sis on polyester glass low pres: 
inating. It has the physical an 
cal properties of the raw mate 
a description of the molding te 
and the machining characteris 
remainder of the book disc 
various fields where fibrous g! 
forced plastics have been use: 
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Propertics and Uses of Fluorocarbons 
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New Synthetic Finishes for Metal Products 

Organic Barriers for Corrosive Protection of Metals 
Choosing Thermal Insulation Materials 
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C NON-METALLIC MATERIALS AND FINISHES 


Properties and Uses of 
Fluorocarbons’ 


Commercial types, forms, and compositions, including Teflon, Kel-F, Exon, 
and Fluorothene, Present and potential applications as bases for plastics, 


coatings, lubricants, rubber, and dielectric fluids and coolants. 


t plastic s, finishes and coat 
it 


constant—fact he base for 


lubricat 


and a low dielectric ors 


SEARCH ACTIVITY both dur 
lowing World War II has 
reased the knowledge of 
ns and their properties. In , 
though somewhat inferior to hydrocar 


s, and non-decomposing 


which indicate excellent insulating qual 
for primary and 
Have a viscosity 


ities secondary us¢ and coolants 


ularly, that 
} 


develo} 


index, which al It is in these fields, partic 
entrated on 


] 
LALIZ( 


luoro-organic Compounds ndustry has con 


hemically stable up to about bon lubricants, indicates usage as non ment. In other more sp¢ 
ons, such as retriget 


lubr it 


y do not decompose or burn 
it temperature, and they arc 
is to attack by strong acids and 


oxygen, weather, bac 


1 ultra-violet light 


ozone, 


flammable or high temperatur 
ints and hydraulic fluids xting 


* Have a surface tensi bel 1 


m well below id dyestuffs, f 
that of water and only one-half that of 


the hydrocarbon compounds 


usher fluids, he: 


' 


oro 


less sol ibility for 


Have 
substances than equivalent hydrocat 
bons, and very 


in compositions containing ° organi 


m and hydrogen or only car 


boiling and freezing low solubility chara 


1 fluorine, 


ilar to their hydrocarbon an ristics When immersed in wat 


reactive type compounds such Because of these general charact 


acids, and anhydrides, the _ istics and the 


specific properti 
mercial compounds— discussed below 


bon derivatives boil much low 
fluorocarbons are ol 
] 


design 


interest if 


} 4 


ana 


their hydrocarbon analogs 


high electrical resistivity of product 


i 
SS a 


Feflon is being used in a wide variety of applications, including (left) valve liners and diaphragms for corrosive 
(right) electrical components: (b) (c) insulation. 


big. l 


esistant applications, and (a) coaxial spacers: connector inserts; 


Engineering — 1954 Annual Handbook 





Fluorocarbons 
as Plastics 


The field of fluorine plastic 
— sents the widest application of 
1,500-2,500 carbons in industry at this time 


Table I—Properties of Teflon 





Property Test Method | Test Value 





Tensile strength, 77 F, psi... ' D638-46T s tit 
Elongation 27 F, psi... D638-46T | 100-200 Initially developed to fulfill : 
Flexural strength 77 F, psi.... | sy790-4sT | did not break needs, polymerized fluorocart 
oun 77 F, pei... pree-sst | 00,000 fluorine plastics open a new { 


~s nie. Izod 70 F, pi oeseave | 28 stable, nonflammable, high tem; 
: 7¥F, D256-47T 4.0 and chemically inert materials < 


— rit lielectric properties. These 
| ar1ele 1 ) ~ Ss as 
Hardness, Durometer | D676-47T D55-D70 CacCEKe prope I 
are attributed to fluorine atoms 


Compressive stress at 0.1 percent deformation, psi. . D695-44T 1,700 

Codiiene t® & Saladin wit dep, 79-040 P item. a6 re molecular structure of the plast 

ma conductivity, 0.18 in B.T.U. far /eq wr ~ a = There are several well knows 

ermal be .2.U./ j i (1) ‘ ‘ 

Specific heat, B.T.U. /ib/F aie of fluorocarbon resins on the 

Bet Nagel ‘4089. 1,200 pei iii wastes ene .ant - today. Polytetrafluoroethylene or 1 

Stans iisantbens eel 66 pei, F 5 | aie ane = is that developed by the E. I. dul 

Dielectric strength, short-time, 0.080 in., V/mil. . | 1p149-44 400-500(2) Nemours and (¢ ompany, Inc 
chemicals Department and Fabr 


D494-42_ | 700(3) . aaa | 
Finishes Department. Kel-F 


D257-—46 
Surface resistivity, 100 percent R.H. megohms D257-46 orothene are pt lymonochlorot 
oethylenes produced by the M 


Dielectric constant, 60 cycles. | p1s0-47T r 
Kellogg Company, Chemical M 


[10 cycles. . D150-47T F 
D150-47T : facturing Division and the Car 
| Ba! a D150-47T J | Cart Cc} | - — 
Power factor yeles..... ‘- D150-47T | . anc arbon remMicals omp. 

pae's , ne D150-47T rh , ; 

peairert | Seae-art spectively In addition, Fluon w 

|10 cycles... D150-47T 0.0005 similar to Teflon is being mad 

Water-absorption, percent. . D570-42 0.0 land by ICI, and Exon 400 or 
Flammability, in. /min : D635-44 Nonflammable form, which is a copolyn 
Specific gravity. ............ D792-48T 2.1-2.3 vinylidene fluoride and chlorotrit 


Resistance to weathering , excellent (4) oethylene, is being manufactured 





as a coating material and as a mold 


Tests have been med by ASTM methods unless otherwise indicated. Data shown and extrusion material by the Firest 
are average values chould not be used for specifications. Tir 1 Rubber (¢ 7 

(1) y measured by Cenco-Fitch apparatus. re an udder LO 

(2) Value is 1,000- 2,000. volts /mil in Etdbneenes of 5 to 12 mils. 

(3) Does not track. il 
(4) No detectable change after 5 years of outdoor exposure in Florida. eflon 


Te flon has been used successf 





Table 1l—Mechanical Properties of Filled Teflon Compositions 





Filler Proportions in Percent by Weight 


| ASTM | Unfilled | 33 | S09 | 67% 3% | 50% 75 % 52% | 33 
Property Units Test | Teflon | Car | Carbon Carbon | Graphite | Graphite | Graphite | Asbestos | Ta 
' | 


Tensile strength psi D638 |= 1,800 2,375 2,300 1,790 2,200 2,425 1,990 1,780 | 1,700 | 
j } 
Elongation percent D638 


5.9 3° || Beef ee 
Modulus of | 
elasticity | i D638 


Flexural 
strength 


| 
Compressive | 
abr | 

| 


| 431,000 574,000 309,000 378,000 | 1,190,000 | 310,000 


Did not | 
6,200 | 3,980 5,700 4,560 | 4,080 | break | 
8,650 5,400 


Im 
prann Izod | ft-lb in. 
Deformation 


| 
| 
} 
| 
| d . 0.86 0.86 


0.3 
70 75 


2.16 | 24 
1 |(B.T.U/ 

conductivity ({ hr/sq | (Cenco- | | | 

|| fe An . . 19.5 | 42 

Electrical } } 

resistivity ohm /em | | Y . 0.0 | 2.6x10'2 


Water | | 
dboenptien percent | boil) | . ’ . } . 0.0 0.05 
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res lower than 


T 


mperatures as low as 


va 


iechanical components, gas- 
packings, electrical insulators 
ind tubing and rod for chem- 
shly corrosive service. Its out- 
properties are: (1) toughness 
le range of temperatures; (2) 
ctrical characteristics over a 
ge of frequencies; (3) chem 
ess; (4) heat resistance; (5) 
icient of friction; and (6) 
siveness, Table I 
has a waxy, chalk-white ap 
but in thin sections, is trans 
is tough, somewhat resilient 
mflammable. Above 620 F, it 
from a normal crystalline struc- 
in amorphous jelly. Around 
decomposes slowly to a gase 
1omer and small portions of 
seous derivatives of fluorine, 
nperatures below 620 F, main 
stability. DuPont tests indicate 
tensile strength of molded bars 
50 F for one month will drop 
to 20 percent. At 480 F, th 
s negligible over long intervals. In 
no loss in weight occurs when 
rial is baked at 700 F for sev- 
The plastic has equally good 
s at low temperatures. It has 
und to be flexible at tempera- 
94 F, and has been 
yed satisfactorily with liquid air 
320 F 
flon has been boiled in halogenat- 
rocarbons, ketones, esters, alco 
hydrofluoric acid, 
acid, nitric acid, and other 
is Oxidizing materials without 
ng any signs of attack. DuPont 


regia, 


ts show it is equally resistant to the 
ack of strong alkalies such as chlor 


s 


bromine, or iodine; but that 
molten alkali metals and 
trifluoride will react at high 


eratures and pressures. Teflon has 


r absorption and is unaffected 
loor weathering or fungus attack 
tensile strength of the plastic is 
red to be adequate for most 


ses. At loads of 1,500 to 2,000 psi, it 


v 
\\ 


ns 


to draw. Its impact strength, 
r, is relatively high over an ex- 
range of temperatures. At -70 

Izod impact value is 2.0 
170 F, the value is 6.0 ft-lb per 
Under compression, the plastic 
s but after a short time with no 


further pressure or temperature chang 


mains stable. When pressure is 

recovery rises with increases 
perature but only by heating to 
its transition point, is complete 
y possible. In applications, Tef- 
rts are forced into assemblies at 
vest temperature at which they 
used. Higher temperatures then 
t affect their sealing properties 
in has found great success in the 
on field. Its extreme heat stabil 


} 


ity, mechanical toughness, and ability 
to withstand impact plus the advantag 
that corrosive materials, solvents and 
water do not affect it, give it a combina 
tion of properties previously unobtain 
able with other materials. 

Where low loss factors are impera 
tive as in radio and high frequency 
uses, Teflon’s loss factor of less than 
0.0005 and a dielectric constant of only 
».Sthroughout the frequency range ot 
60 cycles to 30,000 megacycles is pat 
ticularly advantageous. It is serviceabl 
at any temperature from —110 F to 
575 F for long periods with negligibl 
change in dielectric strength, power 
factor or other critical electrical char 
acteristics. In contrast to other plastics 
it is not subject to carbonization in casc 
of arcing. On exposure to an arc, the 
material is decomposed to a vapor 
which leaves no carbonized path. As 
soon as the arc is extinguished, the full 
insulation strength is restored. 

Its short time dielectric strength is 
high. In thicknesses of 5 to 12 mils 
values of 1,000-2,000 volts per mil are 
common. Recommended working stress 
cs, however, are those ranging from 
50 to 100 volts per mil, which are 
typical of those used in the design of 
motors and generators. Since the ma 
terial is degraded by corona, duPont 
does not recommend its use as insula- 
tion for equipment in which operating 
voltages are greater than 2,300 volts 

In summary, then, Teflon is capable 
of continuous service at 500 F without 
deterioration, is mechanically strong, is 
casy to handle in wrapping operations 
and conforms well to odd shapes, has 
excellent electrical properties over wide 
ranges of temperatures and frequencies, 
and has the highest degree of chemical 
inertness of any plastic. In addition 
fillers can be molded into the material 
to increase stiffness, hardness and com 
pressive strength, Table II, and to re 
duce deformation under load. Materials 
generally used include carbon, graphite, 
asbestos, talc, copper powder, and zir 
con and glass fibers 

In spite of the material's temperature 
resistance, several limitations to its use 
have been discovered. It has a 
efficient of thermal expansion which be 
low 130 C (266 F) is approximately 
39 x 105 cc/cc/deg C while above 
130 C it moves sharply to 53 x 10° 
Seemingly, in applications such as air- 
craft assemblies, where extreme temper 
atures are possible, this factor would 
have to be carefully studied to prevent 
structural voids in the parts. This “‘cold 
flow’’ characteristic has made it difficult 
to hold metal inserts at extreme tem 
peratures, and resultant distortion may 
be very high under compressive load 
at low temperatures 

Another disadvantage of the ma- 


CO 
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terial is the difficulty with which itt 1s 
molded by conventional techniques 
Since it does not melt and flow as do 
conventional thermoplastic 
must be molded into shapes using tech 
niques similar to those employed in 
producing powder metal parts; thes¢ 
techniques are being adapted quite suc 
cessfully for molding a variety of in 
it is usually 


resins, it 


tricate shapes. However, 
preferable to fabricat« pieces from ex 
truded rod, tube or strip since the mat« 
rial is readily machined or blanked 
Whether the fact that no known cc 
ment exists for Teflon is an advantag 
or disadvantage is debatable. As indi 
cated, the inability to hold metal inserts 
at high temperatures is a distinct dis 
idvantage. On the other hand, the non 
adhesiveness of the plastic in applica 
tions on the jaws of heat-sealing 
machines and rolls that 


handle sticky substances is advantage 


on conveyor 
ous in eliminating shut-down 

Hermetic sealing between Teflon and 
metal can be accomplished by a special 
technique. Copper powder is molded 
into the surface of a part at the section 
to be sealed so that it is secure ly locked 
in. The copper surface is then electro 
plated to form a base that can be read 


ily soldered for easy joining 


Applications of Teflon 

One of the big fields for Teflon is 
in gaskets and packings. Its mechanical 
properties, Fig. 2 (A), are a 
to those of high grade rubber 
asbestos, except for the compression 
characteristics. It compresses at a uni 
form rate with increasing load whereas 
with asbestos the converse Re 
covery upon removal of the load pro 
ceeds at about the same rate for both 
A lack of resiliency 


cated by the steepness of the recovery 


yonded 


is true 


materials is indi 
curves. In applications involving varia 
temperature, the 
the gasket changes through expansion 
and contraction of flanges and 
bolts. This may necessitate 
loaded bolts 

Under long time compressive load 
Fig. 2 (B), the tendency for Teflon 
to cold flow is not and 
equilibrium is reached after only the 
first few hours of load application at a 
given temperature and pressure. No 
further deformation of the Teflon will 
occur until the load or temperature is 
changed on the material 

Gaskets fabricated from Teflon, Fig 
3, include solid, jacketed, spiral wound, 
and impregnated types. Solid gaskets 
are used in applications where stand 
ard design flanges are needed. For low 
pressure applications, 150 to 300 psi 
raised flanges are used. Higher pres 
sures require a confining arrangement 


Cs 


trons in pressure ol 


the 


spring 


excessive 








Gosket loading, ib./sq ir 
































Deformation, percent of original thickness 











Fig 2—Compression characteristics of Teflon. It compresses at a uniform rate with increasing load (A) but la: 
silieney as indicated by the recovery curve. Long time loading (B) does not significantly change deformation. 
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Fig 3—Four types of gas- 
kets commonly fabricated 
from fluoro-organic poly- 
mers: (A) solid (B) jack- 
eted (C) spiral wound and 
(D) impregnated. Pack- 
ings for low speed shafts 
inelude solid rings, V-rings, 
braided type packing, and 
tapered wedge rings (E), 
while (F) is a high speed 
shaft packing. 


j Specter cut trom Teflon” shee 


x Ring molded of shredded Te on 
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able 111—Mechanical and Physical Properties of “Kel-F” 





Property 
ER 


coefficient of expansion, in 


in. /C 


conductivity, cal/cm?*/sec/C/cm . 
heat, cal/gm........ 
bsorption, percent 
ess temperature, F.. 

aging for one year 


pact, ft-lb/in. of notch at 77 F 
strength, psi at 77 F*. 
trength, psi 0.2% offect at 77 F. 
al strength, psi at 77 F. 
Compressive strength, psi at 77 F... 
Modulus of elasticity, psi at 77 F 
TeMas or hn + veercvece 
Fiexural........ 
Compressive 


Tens 
Yiek 
Flext 


Values ASTM Test Method 


2.1 D792-48T 


4.5 x 10-* 
7 x 10-5 


1.44 x 10-4 
6.216 
0.00 
-120 
No change 


111-115 
80 


100 
3.62 
5,730 
3,640 
8,260 
32,000-80,000 


| 
| 


| 192-226 x 10° | 


DS70-42 
D746-44T 


785-48T 


D256-47T 
D638-46T 
D638-46T 
D790-45T 
D695-44T 
D638-46T 


D790-45T 
D695-44T 


182 x 10° 
177-191 x 10° 





* Tensile strength as high as 30,000 psi in oriented film. 


vue and LPrOOVe 


or male and 


Pressures as high as 30 


ges 
ave been withstood by tongu 

flanges 

gaskets consist Of a solt 
wered by a Teflon jacket 
nforced rubber, soft asbestos 
used to 
in this 
d for appli 


{ metal fillers can be 
the properties desired 
hey were develop. 
where flange misalignment and 
lting pressures would prevent 
ta solid gasket Glass. por 

glass-lined equipment fall is 
itCZory 

when used 


, 
LaAskKcts 


wound 
filler, are suitable for high pres 
The 
Monel or other 
materials Metal 


rts have been used in V shaped 


mical applications bas« 
stainless ste« l, 


resistant 


tO prevent flow out of the seat 
ir as packings are concerned, 
an be 
1 uses Low Spe 1 packings are 
to valve 


used in either high or 


stems, reciprocating 
where rubbing 
less than about 150 fpm 
speeds, include 


ind agitators 
Pack 
these solid 
wedge rings, braided 
"-rings 
speed packings are used wher 


speeds exceeds 150 Ipm and 


innular maintained 


space s 
shaft to contact be 
aft and packing. The ring 


prev« nt 


in 


shredded Teflon held 
ith a strong binder 
rm stability to insure maint 
clearance along the shaft. Th« 
rings are usually installed with 
cers of solid plastic, 
th 


and hav 


carefully 


dimensions of the stuffing 


Engineering 


ox and shaft run-in 


irefully until a small uniform annual 


The packing Is 
spa is formed along the shaft 
For successful operation of packings 
gardless of shaft speeds, the follow 
ng design conditions must exist 

(1) A smooth, preferably ground 
nd polished shaft surface 

2) Small gyration of — shaft 
preferably not more than 0.002 inches 

(3) Small clearances at the 
the stuffing box to prevent 
the packing 

(4) Spring loading 
boxes that operate over 


end ot 
extrusion ol 


for 
a wide tem 


stulfing 


range to accommodate the 
high thermal expansion of the Teflon 
without exerting 
against the shaft 


pe raturc 


CXCCSSIVE pressul 


Kel-F 
Kel-F, like Teflon, is an exception 
ally stable, high temperature, 
ammable thermoplastic. It is color 
ss, but can be blended with coloring 
agents and fillers when desired 

In contrast to polytetrafluorethylen: 


non 


fi 
le 


and its indicated top heat resistance 
qualities of approximately 500 F, Kel-I 
is known to be satisfactory for tem 
i00 F. Armed 
and other 
indicate, however, that 350 F is the top 
mit for application involving long 
ime exposure. But where Kel-F sacr 
es this heat resistance, it gains in its 
old flow over Teflon 
Specifically, it does not have to be re 


peratures only up to 


Services Laboratories 


users 


characteristics 


heated to return to its original shape 


ter load has been released. Its lower 


coethcient of thermal expansion makes 


more specialty uses 


re q life d 


adaptable to 


where metal inserts are 
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Th electrical properties of Kel-l 

somewhat adversely affected by th 
hlorine atom in the molecular struc 
ture. It has a varying loss factor. At 
frequencies between 60 cps and 
the M. W. Kellogg Company report 
ilues 0.010. Kel-F does 
stand up, then, for such 
quiring an 


from 


+} t bia Wi 
extremely low 


wide range of 


loss Tac 


Over a emp ratures 


Its dielectric constant ranges from 2 
to 2.7 trom 60 000 me. Its 


ré stat ( s onds 
Tensile strength is about 5,700 ps 
F and in oriented fibers this 


Table IL. I 


strength 


reases to 30.000 Ds 


iddition, Kel-F has 
62 at 77 | 
] } 
le 


le or hard 


ol 5 
aif waiin ' 
Xl OVeT a range 
mperatures from —3 * to about 

390 F through heat treatment 
Products Kel-F 

arried by the specific thermal treat 


| 
imorphous 
' 


molded from can be 


" 


material 


ments trom an 
which Ss relatively tr 
tough and flexible to 


terial which is milky 


limensional stability 


i hours at 


SOL\ 
heat-treat 
fully 
swollen 


can also be Vari d by 
For 


1enched 


ment example, although 


iquids, heat-treate 
il is less affe 
The mater 


ial has good resistance oO 


mperatures. Its ability 


nay be a solution rather 


plas zing materials 


ight impair its other proper 
Similarly, at low temperatures, it 


] 


a tendency to crack which anneal 


r also may 


solve satisfactorily 
Kel-] 


Heat-treatnx an 


In thin se 


is transpal 
make poss bl 


yroduction n various de grees ol 


Tests show that the tr 


sheets to 


long 


infrared spectrun 


thin 


shock fr 


use as a 


} ' ] 
ndow material on special in 


corrosion tempera 
eristics of th 

This 
Teflon 


rorms 


ous 
contrast to 


nly in opaque 


Kel-F can_ be 


inject 


which comes 

molded by compres 
transfer and 

Molding tem] range 

from 500 to 600 F and are much higher 


sion, ion, extrusion 


methods eratures 


than for most other the tmoplastic ma 
terials. Du 
great Care 
ination 


to such high temperatures 
is needed to avoid contam 
with 


other 


thermoplastics 
mm pose ind appt if as dark 


C7 








areas under such high temperatures 
Further, uniform heating is essential. 

Transfer molding is used for parts 
of large sections or for parts containing 
delicate metallic inserts. Compression 
molding is used to produce sheets. Such 
sheets can be quenched, slow cooled, 
pigmented or laminated with stainless 
steel gauze to produce a variety of 
transparent or opaque effects. Thinner 
sections of 14 inch thick can be 
tormed between highly polished stain 
less steel or ferro type sheets without 
a mold. Injection molding is used for 
small, close tolerance parts and enables 
taster cycles than for many other 
thermoplastic materials. As for extru- 
sion, conventional machines can be used 
providing they are capable of reaching 
temperatures of 550 to 650 F. It can 
be easily machined and does not chip 
or crack, and can be heat-sealed unde: 
slight pressure. Shects uj 
inch can be punched or sheared. 


> to about ! 


| i Kel-I 

The principal uses of Kel-F parallel 
those of Teflon, although because of 
excellent moldability, it has had some 
what wider use in molded components 
One example is its use in a specially 


designed combination plastic and metal 
socket for an electronic tube assembly. 
It has been used as an insulator be 
tween the guard ring and the collect- 
ng electrode on an Alpha survey meter 
designed primarily tor the ; 
Atomic Energy Commission 
A magnetic circuit breaker uses a 
molded Kel-F base Here the plasti 
meets requirements of a high di-ele 
tric strength with a high degree of 
moisture resistance 


use Ol 


to assure hermet: 
sealing under extreme conditions in 
cluding altitude changes. In addition, 
its resistance to chemicals and ability 
to stand up under varying extreme tem 
peratures is advantageous in this use 
The circuit breaker exemplifies again 
the material's applicability to miniature 
components. The whole assembly is 
only 11/4 in. x 17/32 

Both Kel-F and Teflon have a wide 
application in hermetically sealed ter 
minals. Typical of such uses is the de- 
velopment of vacuum-tight insulators 
by the United States Gasket Company. 
These terminals and feed-through in- 
sulators were designed to fill the need 
of the electronics industry for hermet- 
ically sealed insulators which would 
withstand mechanical shock and vibra- 
tions, high and low ambient tem- 
peratures, thermal shock and extreme 
climatic conditions. Patents are pending 
on the Fluorocarbon-metal-fused seal 
which holds the vacuum 

Coated glass fabrics, tapes and lam 
inates are products comprising woven 
glass fabrics impregnated and coated 


Cs 


Table IV—Properiies of “Exon 400 XR61” 





PHYSICAL PROPERTIES 


Specific gravity 


Relative viscosity (average) 
(1% solution in cyclohexanone) 


Rockwell hardness................ 
Cold crack temperature, C... 
Outdoor and indoor aging . 


Diaelectric Constant 
(75 F—60 cycles)... . 


D-c resistivity 
(158 F—60 cycles, ohm/cm.)..... 


Fuming Nitric. . 
Ammonia....... 
Sulphuric Acid.. .. 
Hydrochloric Acid 
Sodium hydroxide. . . 
Chlorosulfonic Acid 


CHEMICAL RESISTANCE 


1.74-1.78 


1.5 
R75 to R85 
24 to 20 


Excellent 
2.84 


: 5 x 10'* 


20% Salt Solution 
Hydrogen peroxide 
Moist Bleaching Powder 
.Chromic Acid 
.Hydrofluoric Acid 
Aqua Regia 





with Kel-F. They are more stable under 
compression loads and more resistant 
to abrasion than unsupported sheeting 
Flow under compressive load is as low 
as that of the glass fabric—essentially, 
zero. Their performance is not obtain 
able with any other type or organi 
insulation. They can be used at continu 
ous operating temperatures of 392 F 
and, for shorter periods, at 482 F 
Pliability is retained at temperatures a 
low as —100 Fahrenheit 

These fabrics, tapes and laminates 
are also somewhat stiffer than the un 
supported sheet, and creasing parallel 
to or diagonally across the fibers does 
not result in rupture of the film and 
onsequent electrical failure. These are 
outstanding for motor generator arma- 
ture wrapping, coil insulating sheet 
hase separators, segments, slot liners, 
ape and V-rings. They make excel 
lent separators, core insulation, 
lead insulation and solenoids for trans 
formers and coils. Insulation for boiler 
room, low tension aircraft, navy type, 
power, and radio hook-up wire as 
well as thermocouple cables is recom- 
mended. Miscellaneous uses include 
those for battery cases, battery sepa- 
rator plates, condensers, capacitors, 
electrical panel boards, lifting magnets, 
mica substitute printed circuits, and 


many other electronic services 


} 
I 
+ 


coil 


Fluorothene 

Fluorothene is another group of 
polymers of  trifluorochloroethylene, 
and is produced by the Carbide and 
Carbon Chemicals Corporation. Its 
properties are essentially the same as 
those of Kel-F. It will not be discussed 


Product Engineering 


in detail since the great ma 
its production has been devot 
Atomic Research Commissior 

The Bureau of Ships has 
supervised a research prograr 
operation with industry on the uses 
this material. in the progr 
was in connection with wire extrus 
laminates and moldings. Liquids : 
solids are being investigated for d 
tric use under high voltage cor 

Fluorothene has been su 
used as the resin base for glas 
laminates. Aluminum or tit 
oxides is suggested as inert { 
provide greater rigidity to the | 


Its use 


Use of heat cleaned glass clot! 
sential if improved electrical pr 
are to be obtained in this lan 

Molding of Fluorothene 
little difficulty other than obtai: 
correct molding temperatur« 
material and using chromiun 
molds. Uses of fillers such as 
mica, and titan 
aluminum, offer possibilities 
truding the material to provid 
er modulus in the coating. Sil 
as a parting agent appear t 
cessful despite the informat 
satisfactory releases are obtais 
stainless steel and chromiun 
molds. Moldings with meta 
appear to be practical and s 
Parting agents other than sili 
(stearates, etc.) decompose at t 
ing temperature to give dark 
moldings and consequently p 
trical properties 

Electric motors have been 
are presently under test whi 
Fluorothene insulated magr 


oxides of 
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material, it car 
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the former process requiring 


ipproximately 10,000 


a whit 
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This good solubility 
solvent system 

t coating requirements an 
lules. The coating 
bakes, but 


Fluorocarbons 
as eile 
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} } : 
both du 


sist two years 

Ke is marketed 

1 Kel-F liquid dispersions 
the Minnesota Mining & 


ring is doing conside 


hav ec 


rabl 
w compounds which will 


terials for 


find use as raw ma 


ngs industry even though the 
indefinite as to 


IS at 


present 
and compounds it 

> by these compound 

ly governed by the 
ict pro rey 1 and the market 
plied these vary 
s necessary to divide the coat 


fields 


W ide 1\ 


try into two general 
ral surfac manufacturers, 
luce paints, varnishes, and 
or widespread 


usage in a 
t-competitive market; and 2) 
manufacturers, 
and relatively costly prod 


Engineering 


a ssolved 


one and 


requires 


type of 


who make 


very limited markets 
willing to pay for 


at the 
mating and 
cinic properties 
During the past 6 years or so Kel- 
duPont, and Firestone have 
worked on fluorocarbon liquid forms 
for specialty applications. While their 
limited largely to 
opment of a new mechan 
f applying known fluoro- 
powders and not to the 
tual formulation of a group of 
fluorocarbon compounds that will rx 
t together or with others into a liquid 
oating, the three companies have suc- 
cessfully marketed about 10 liquid 
These products are both aque 
non-aqueous « 
metal primers saleel 1¢ nomen 
ir Sislatues All are applied by 
Teflon at about 750 F ona 
Kel-F at between 464 and 484 F, 
ending on pressure and time 
y in a number of successive layers 
Dithculty of application and a high 
have been the main factors block 
wide usage and have caused a 
thods and equipment re 
irch on. the part of 
liquid coatings 


} 
I 


logg, 


research has Leen 


forms 


dispe rsions and 


fusion 


usual- 


1 
i 


1 for me 
users of the 
As these 
excellent 
corrosion 


fluorocarbon 
oatings have demonstrated 

ctrical, temperature, and 
properties suitable for use as insulation 
chemically 
yatings, the electrical and i 
uppl industries have 
this final application-research 

Here, Sprague Electric, Westing- 
and General Electric have de 
veloped nethods of 
fluorocarbon 
and-solvent-resistant 
Union 


and specialized resistant 


+ 


ndustr 


done 


S 


house, 
using liquid 
produce heat 
magnet wires 
oe is about to enter wr 
icld with a Kel-F liquid 


silver-| } slated copper 


forms to 


Wi coating 
ating over a 
wire, giving a highly 
dation-resistant wire 
and Westinghouse 


solvent-and-oxi 
duPont, Kellogg, 
hav e develope d 
ethods of coating fiber glass to pro- 
cloth and laminates of superior 
jurability. And finally, Union Carbide 
& Carbon has developed a flame spray 
with which polyethelene 
resins may be applied without a diffi- 
le 


ing gun 


and expensive fusion process 
These examples by no means exhaust 
the list of companies now working on 
ans of applying and using the flu 
ocarbon liquid dispersions now in 
production. Allied Plastics, Crane 
Equipment & Supply, General Plastics, 
Pan Coatings, Plastic Coatings, Conti- 
nental Diamond Fiber, and Irvington 
Varnish & Insulator should be also 
ncluded to make the list more repre 
tive and inclusive 
Fluorocarbon coatings will undoubt 
edly find much wider interest and, ulti- 


mately, usage in the ‘protective’ coat- 
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g industry than they hav 


achieved. They will probably not, how 
after this 
general surface area and be 


thus fas 


ever, advance, break 
into the 


used as paint 


even 
widely ingredients. Fo: 
here an 
encountered beyond any 
which the 


( ay al le 


extreme cost-consciousness 15S 


reduction of 


} 
Known pri s 


Fluorocarbons 


Lubricants 


fluorolubri 
was 


In the development of 
great deal of research 
expended by the Manhattan 
However, in 


rogress already made and 


cants, a 
initially 
Project early in the war 
spite of the p 
of the great 
fluorolubricants there ar¢ 
ous difficulties which may limit 
immediate 


potential idvantages ol 


several 


use in the 
spec ialized applications 
The M. W. Kellogg 
marketed a series of lov 
Kel-F materials 


—r have stemmed 


weight 


the development of 
Kel-F 
Electrochemical Comp any 1s 
ducing a 
fluoromonochloroethylen« 
The Halocarbon Products Corporatior 
is the latest company to enter 
field. The Halocarbon product has 
been developed by cosofia’ 
to be completely acid-free; and, thu 
t has eliminated the a rennial problen 
of giving off acid pi roducts on standing 
In form, compounds rang 
from water-white mobile liquids 
tough wax-like materials at room 
They are 
i but decompose at 
temperatures. Kel-F lubricants 
thermally stable up to temperatures of 
iso F 
They 


1 
ical resistance 


pias ( 
Hook 


also pro 


molding powders, The 


series of lower polyme: 


compounds 
this 


P rocessin’g 
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rl ] 
slet 
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perature 
perature 


and do not leave any 
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Disadvantages of 
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plasti 

strength 
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they are high in cost, 
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viscosity 


properties 

have a index that is c 
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oils. € ompared to a hydr 

same viscosity, the fluoro 

evaporate at a lower temperature 
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por rest 
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the uses of fluorocarbons 
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ent lubricants are et actical 
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act sealants on equipment 


used 
highly reactive compounds 

uid oxygen. Also, possible apy 
are as lubricants and pore-s 
ining plastics 


of pressure 
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ingredients 
power transmission, and 
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damping oils 
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THE DEVELOPMENT ot polyester and lated and used by a number of indi pounds, and Table II lists 

mil resis ae - ofl ; ey ee See f f 4 factory-n 1 compound 
» Lal esins reinro 1 with glass vidual molders, an nanutacturers of of a factory-mixca compoun 
fibers and formulated into putties for basic raw materials are offering several As shown in Table I, th 
transfer and compression molding has — glass reinforced alkyd type resins for sistant grades contain son 
bridged the gap between th propel transfer and compress 1 1 t 





Materials and Properties 






This development has further filled a The two principal types of glass ntages of clay fill han tl 
gap In properties not possessed by fiber reinforced moldin; ompounds purpose types. Table II is f 
thermoplastic materials, particularly d sed are: 1) shop-mixed formulations tory formulated glass fiber 





Table I—Formulation and Properties of Polyester-Glass Filled Molding Compound* 















Fire Resistant Low Cost Fire R 


General Purpose | General Purpose 











Medium viscosity polyester — percent 








Partially reacted polyester, higher viscosit percent 18 














Polyester, 5% Sb,O percent 18.5 



















n. chopped glass —percent 









Clay 


filler —percent 








Catalyst (on resin onl percent 1.0 1.0 













MOLDED SPECIMENS 





PROPERTIES: COMPRESSION 













Specific gravity ASTM-D-792 1.90 1.92 1.9 











Tensile strength, 25C-—psi (ASTM-D-651-48 6,400- 7,400 5,730 370 >, 700 ,300 6,90 






rf 


Compressive strength, 25C —- psi ASTM-D-695 20.200--24.600 24,100-26,500 21,600-26,800 21,2 

















Flexural strength, 25C ASTM-D.790-49 11,900-17,100 16,500-21,900 10,900-—13,500 11,2 













Flexural modulus, 25C — psi 10° ASTM-D-790 1.97-2.11 2.29-2.41 2.43-2.4 







Izod impact-—-ft Ibs in. notch ASTM-D-25¢ 3.$-S.5 








Moisture absorption — percent gain ‘(ASTM-D-570 0.19 0.11 0.21 









Heat distortion--C ASTM-D-648 Greater than 300 















Thermal expansion —coefficient -x 10° \-ASTM-D-696-44 2.04 2.10 









50—-0.55 0 


Burning rate in. min (ASTM.D-757-49 ye 0.75 0.40-0.50 










M scale (ASTM-D-785 103 193 83 





Rockwell hardness 








Dielectric strength, 
Dielectric strength, 25C, step by step -V_ mil :ASTM-D.-149-4 





25C, short time —V mil 390 380 370 
4 340 330 


- 








2.5 0.9 1.3 





Volume resistivity, as rec'd -ohm-cm x 10 
after 4 days at 35C and 90% R.H 10 ASTM.-D.257-48 1.8 1.9 1.1 














Surface resistivity, as rec'd -ohm-cm x 10 
after 4 days at 35C and 90% R.H x 10 ASTM.-D.257-48 2.0 1 







Jolume resistance, as rec'd -megohms x 10 >.2 2.0 2 
after 4 days at 35C and 90% R.H x 105 (ASTM-D-257-48 3.8 0.40 0.23 












Surface resistance, as rec'd —~megohms x 


after 4 days at 35C and 90@ R.H x 10° (ASTM-D.-257-48 9 






Arc resistance, seconds - max 188 183 189 
ASTM.-D-495-48 min 180 










*Shop mixes, 
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good clectrical properties Combinations with Mats Certain precautions must be taker 


sistance. The properties of and Fabrics The molding compound must have the 
pression Molding compounds have been suc proper combination of resin and clay 


s are for small com} 
cessfully used in combination with to avoid washing away of the glass 


glass mats or fabrics and liquid poly fibers during the molding operation 


% 


imens 


M..es and Preparations ester laminating resins to fill out heavy It there is too much clay, there may 
sections, ribs, bosses, and sharp corners. insufficient flow and localized high 
not less than 10 percent Balls of roughly formed batches of pressure spots will develop. The right 

molding material are placed at the de- amount of catalyst must be used to in 
; 


onsiderably higher. Glass 

r than 20 percent by sired spots in the glass or fabric layout sure equal curing time for the rein 
‘ . . Yr 

Catalyzed laminating resi poured forced section. The clay will often r 


mn ' n + 


ontent in a ftormuilatiol 


n pear to Pive 
( will lesser onto the mat, and the molding material tard the exothermic reaction and thes 
} 


} } | 
\aracteristi ft the com b es an integral part of the pi portions will then be 


ay 
th to th 


undercut 


lower th 


sed also can arica Table I1l—Properties of Fiber Glass Reintorced Alkyd 


s of medium viscosity and 
or partially reacted pols 
t < ( y ] “1 
quently used to obtair Diesen Wisden 
Good Electrical Properties 





freedom from s« gregation 
s the molding temperature 
? ’ it} myc 
Resin thinning with rising Physical: 
will often occur when a Specific gravity 
type resin is used, and cat Water absorption 
+ prevent this S irat nm 24 hrs at 25C percent 
1toO 1 paration - : 
fey ; 48 hrs at 25C —percent 0.15-0.25 


1) y her 1 lly ” e c e 
ind glass fiber ecially 7 days at 25C-—percent 0.25-—0.35 


0.10-0.20 


shapes 


I 
. Heat resistance 
Mo = ; ; ‘ stz : 
I Iding Procedures Long periods —F not over 300 
Limited periods not over 350 
I ~ 
‘ , Short periods —F not over 400 
the molding procedures ok : 
5 | Heat distortion —F greater than 400 
marked effect upon the Heat capacity—cal /gmC 0.26 
the finished parts. If pos Coefficient of thermal expansion —x 10 ® in./in. F 10-30 
| I I 


iterial should be roughly Thermal conductivity x 10~-* cal, sec cm */« 8-12 
: self-extingushing 


j Flame resistance lf 
and laminating and weld 


ld be avoided. As the glass 


lling of the molding con 


2 lily } Mechanical (Compression Molded 
AN SCAGRY BOW across and Izod impact-ft 1b/m. notch 10-14 
ata weld line, they be con Tensile strength psi 6,000-10,000 
weakness Compressive strength-psi 20,000-25,000 
. a io ¢ » ; = 
tor has convinced many that Fie xural strength-psi 14,000-17,000 
Flexural, modulus psi x 10 2.0-2 
il is not applicable to the Barcol hardness 70-2 
of large parts. It is felt that 
ssible to insert the molding Electrical: 
to large molds in such a Arc resistance, sec (ASTM D495 180 
Dielectric constant 
60 cycle 
} 1 megacycle 
strength of a part ranged Dissipation factor 
to 10,000 psi, and impact 60 cycle 
rom 11/, to 8 ft lb per in. of 1 megacycle 
the Izod test. These values 


rably below the strength — epactory formulations 


5 
5 


to avoid weld lines or simi 
5.2-6.0 


+.0-4.5 


weakness. In one instance, 


0.023-0.24 
0.019-0.020 











obtainable with glass fiber 
reformed reinforced parts 
even these relatively low 
mpact and strength are bet 
10se Of many other thermo- Mold 

pounds Molding character Bulk rl “a Shrinbase, 

ympared in Table IIT. Type Pactor psi F in. /in Remarks 
mpound types can be com 


Table 11I—Comparison of Molding Characteristics 





, Shop-mixes Varies with 500 600 0.000-0.007* 1) Material can be varied for 
transfer molded; however, sr eae “_ 

P o each application 
molded materials are gen Exact amounts of material 
is good in their final prop 


n the materials are trans Factory-mix 


can be mixed for each run 


2,000 290-310 0.001-0.004* Bulk factor can be reduced 
there is some orientation > 5-8 OY BARS GomprEaen 
- Requires no shop mixing 
nt of the glass fibers in the Long storage life 
f flow Thus for a od prop Reduced segregation of the 
é resin and fibers 
the flow should occur in 5) High temperature resis 
ms in which the maximum tance 


re perties are desired *Cold piece from cold mold 
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for Metal Produ 


hat may solve your finishing problem. 


condit ww cost \ with good transparency 
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contain 1 {| silicone to to discoloration, even at hig 
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chemical fumes. Good electri 
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1 temp 
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ng temperatures 
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salts, and oil 


Re sistan 
CS 
} 


{ 
Od 


s, heaters. n 
exchangers, lam} 
trical re 


erating 


sistors 
at me 
Vinyl 
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Sharp edges and surface irregularities (A) of corrodible ny 
rial to be protected can cause thin spots and sponginess in , 
ings (B) and thin spots and airpockets in masties and linings 
Surface preparation (D) will increase barrier life and cut fur 
Organic barriers—coatings. mastics, and linings—are maintenance costs. However, such design precautions are norm 
best suited for the protection of corrodible equipment — jmpiactical from an economic standpoint. Thus, three coat 
where regular inspection and maintenance is practical. Jarrier should be applied totaling 0.005 in. or greater in thick 


Oreanic Barriers tor Corrosi 


Basic Types of Barriers tter application to devel heir op are sott 


timum propert hey a a and th 
heavy duty sh 
t | juipment in sever resins are applied tron 


solvent 


terior of } 
cOrrosi\ r ng I ) dispersions as paint and coat 
sful tective f lier hey at ilso widely and in high solid solutions 
COssiul } 
Cieiousls used tor < y purposes sions as mastic compositions 
WVIVUSt , ; 
agen’. - reset Elastomers are availal n sheet. solu available as sheeting 
$s represent duplications and mod : 
1 tion and dispersion forms (the latter shapes and fittings can | 
fications in t nulation of : } 
’ two as mastic compositions) and di nyection molding proc 
few basic types is possible, therefor “ a : t 
luted as effective coating compositions sions. Many of them can 


n a molten condition by 


THERMOSETTING RESINS Thes r the conventional flame or hi 
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to subdivide these into groups. Within 


each group a tormulations will have 
similarities in properties, performances ; d 
: ( e further polymerizatior er ap 
and limitations determined by the phys et Pmgeetag™. tae Jenga pruneategeralbs. . > 
1 , J plication to develop optimum physical Choice of Form 
ical and chemical properties of th ; ee. ; 
+r S and chemical Li stics. In this 
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( iil rise ¢ Ul iMALUT < tu i 
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styrene rubbe: , and t \ 
. See . al I resi properti Att 
Neoprene; Thermoplastics, made up 


( proj ; 
, 
: polymerizaton ermosetting resins 
inyls, vinylidene chlorid copolymers ae aon _o te 
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1S and Waxes 


r . 

Contusion exists in tl 
imong paint-like coatings, h 
present rigid, smooth, and tough films 
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polyethylene, saturated oi ations, or linings 


1d ting ' isuall 
1 na oO ny l unusua 
hlorinated rubber styrene butadiene, : ee 


of what torm 
- istant to vated tempcratur 
ind bitumens; Thermosetting composé » ; , I , the rate of corr 
. gencral soivent action ey are } ; r +} a2 
ruranes, epoxy resins, and - hy ‘ the cost of the protection Co 
unabdl s atr-d ng coating 


ls. (See Table IT.) ' 114 the least expensive 
volatil yn ‘ 1d mold 


Seriousness of orrosion 


nd fittings for commerci e 
Phis hdc , gS 10 = al us rred by the rate at which 


ELASTOMERS group 

the rubber and all rubber-like mat or renders inoperative, the 
rials. Like rubber they are stretchabl THERMOPLASTIC RESIN These ma equipment or structure. Rat 
and resilient and have, therefore, ex terials do not require further pro rosion is measured in inches 
cllent abrasion and impact resistance essing or polymerization after appli tration per year or ipy. Cor 
Elastomer: require polymerization cation. Th applied film and sheeting — tensity of any environment 
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Table I 


Classifications of Exposure 


(Conditions are for chem-industrial exposures only) 





S 1 EXPOSURE.-Service con 
which the 
continual 
the 
and 
well 


be heavy duty of excellent resistance 
but surface preparation, design and 
application not be up to the 
severe standards of Class 1 service 
An example of the condition is the 
the of 


under 
d to 


coating 1s 
direct 
Cost is 
suited 


and need 


t with corrosive 


the best 
expensive 


factor 


il as coating of exteriors process 


equipment. 


as surface 
multicoat 


An 


exposur¢ is 


and 
tolerate d 


design 
an be 
of this 


linings for 


ation, 
ations c 
CLASS 3 EXPOSURE —Service con 
ditions in which the coating protects 
steel against relatively high concen 
trations of fumes but with little or no 
splash, spillage or direct contact with 
Paints of good dura 
used and 
rigorous 


type ofl 

interiors ot process 
rent 
S 2 EXPOSURE 
in areas of high 


Ser vice 
concentration 


con 
the corrosive. 
bility be 
need be 


application 
as for the 


ches 
Cor 
yment 


can 
not 


rosive fumes and under frequent 


and spillage. Materials should as 


prior classes. An example would be 
the protection of 
equipment within 
chemical process 


structural steel of 


the building 


cone- 


taining th« 


CLASS 4 EXPOSURE—Service con 
ditions against mild concentrations of 
fumes, and used 
should have good resistance to weather 
Coatings for such service 


materials 


corrosive coatings 
can be 
the 
and wire 


ing. 
the 
usual 
brushing 
preparation 
areas outside 
buildings. 


less expensive and 


methods for scraping 
surface 


be 


suitable for 
An 


and 


are 
, , 
example would 


idjacent to process 
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Table Il—Chemical Resistance of Resins to Various Corrosive 


Media 





Natural Rubber 
Butadiene Styrene Rubber 


Furanes 


Neoprene 
Phenolics 


Acetaldehyde 

Acetic acid, 10 
Acetic acid, glacial 
Acetone. 

Alcohol, amyl. 
Alcohol butyl, normal 
Alcohol, ethyl. 
Alcohol, isopropyl 
Alcohol, methyl 
Aluminum chloride 
Aluminum sulphate 
Ammonia, liquid 
Ammonium chloride 
Ammonium hydroxide 
Ammonium nitrate... 
Ammonium sulphate 
Aniline. 

Benzene. 

Boric acid 

Buty! acetate 
Calcium chloride 
Calcium hydroxide 
Calcium hypochlorite 
Carbon disulphide 
Carbon tetrachloride 
Chlorine gas 
Chlorobenzene 
Chloroform. 

Chromic acid, 
Chromic acid 

Citric acid 

Copper sulphate 
Diethyl] ether 
Ethylene glycol 
Ferric chloride 
Ferric sulphate 
Formaldehyde, 40 
Formic acid, 20 
Formic acid, com 
Gasoline 

Glycerine 
Hydrochloric acid 
Hydrochloric acid, 3 
Hydrochloric aci 
Hydrofluoric acid, 
Hydrofiuoric a 


mn 
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le 


Oleoresinous 
Vinylidene Chlori 
Chlorinated Rubber 
Styrene- Butadiene 
Polyethylene 


Bitumens 


Hydrofluoric acid, 75 
Hydrogen peroxide, 3 
Hydrogen peroxide, 30 
Hydrogen sulphide 
Hypox hlorous acid 
Kerosene. 
Lubricating oil 
Magnesium sulphate 
Methy! ethyl ketone 
Mineral oil 

Nitric acid, 5 

Nitric acid, 10 
Nitric acid, 40 

Nitric acid, con 
Nitrobenzene 

Oleic acid 

Oxalic acid.. 

Phenol, 15-25 % 
Phenol. - 
Phosphoric acid, 10 
Phorphoric acid, 60 
Phosphoric acid, conc. 
Potassium alum. 


oe a 
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a ee 
Pere ree Senne ee 
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Potassium sulphate 
Sea water 

Silver nitrate. .. 
Sodium bisulphate. 
Sodium carbonate 
Sodium chloride. 
Sodium hydroxide, 10 
Sodium hydroxide, 20 
Sodium hydroxide, 40 
Sodium hypochlorite. 
Sodium nitrate. 
Sodium sulphate 
Sodium sulphite. 
Sulphur dioxide 
Sulphuric acid, 10 
Sulphuric acid, 30 
Sulphiric acid, 60 
Sulphuric acid, 
Toluene. 
Trichlorethylene 
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Potassium hydroxide, 20 
Potassium hydroxide, 95 
Potassium permanganate 


le 
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iene Chlor 


Natural Rubber 
Butadiene-St 
Neoprene 

F uranes 


Phenoli 
Oleoresin« 


Vinyls 
Vinyl 
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* This table should be used only as a preliminary selection of type. 


In the use of this table, for example, if steel 


1s to be protected and the table shows an allowable Class 1 grading for the prospective coating types, the rat f 


rrosion of steel by the 


pecifications vary with the nature 
material and with the 
Such — tolerances 
determined and _ specified 
of the chemical, 
{ mechanical requirements 


should be 
after consideration 
abrasive an 
for each 


Surf ac 


us 
design and preparation for 
application of 


than 


mastics are less critical 
for the thinner protective coat 
Imperfect bond to the base 
can be tolerated over small 
and sandblasting, that is pre- 
ferred and recommended for protec- 
tive coating 


forgotten 


ing 
Ings 


metal 
areas, 


lications, can often be 
unless 


app 

conditions 
is essential, 
surface mate- 
and foreign matter 
that the mastic can 
be applied to tightly adherent and 
compatible surfaces. 

Any failure of a mastic barrier oc- 
curs where the base metal is exposed 
because of improper surface treatment 


Cis 


€ xposure 
It 


are unusually 
however, that all 


severe 
loose 
rial, moisture, oil, 


be removed so 


orrosive will determine whether a coating, mastic or lining be applied. 


The corroding base metal undercuts the 
barrier causing it to lose adhesion and 
peel or crack in expanding areas 
around the original metal exposure 
Repair of the mastic barrier is obvious 
ly more expensive and difficult than for 
the protective coating and extreme car 
should be exercised in the selection and 
application of the mastic composition 
LININGS—Linings are defined as or 
ganic barriers of no less 
than 4, in. They are used against 
highly corrosive or abrasive environ 
ments, and where electrical currents, 
stray or imposed, will accelerate cor 
rosion or otherwise interfere 
normal operating processes 
Usual minimum specifi 
cations for rubber linings are } in 
and for vinyls 


thicknesses 


with 


thickness 
;*; in. These are con- 
sidered safe minimum thicknesses for 
general corrosive service although 
lesser thicknesses to ~y in. can often 
be properly used. With these lesser 


Product 


cknesses pre-trial should | 
etermine suitability. Actual 
is seldom any appreciable cost 
to thickness Ss 
as the greater p 


d 


labor of ap 


is the | 


ipplied cost 
The savings in material by 
er thickness will be in 
Metal priming for linings 
quired for the purpose of 


I 
th lining 


onseq 


idh sion oft 
tal. Inhil 
ncorporates 


igainst 


orros 1 on bare metal or t 
exposed 
inhibitive primes 1s ¥ 


ng surtacc 


wer 
use ol 
lining is primarily used for 
of resistances th 
rec b ke 

juire unbroken 
where bare metal can be 
moisture or mild corrosives 


damage to the equipment. 


nechanical 
film conti 
ex 
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tyrene-Butad 


C NON-METALLIC MATERIALS AND FINISHES 


Directory of Trade Names and Producers 


of Organic Barriers 


[his listing ties in proprietary products with basic resin types and forms available. 


PRADE NAMI 
ACRYLIC 


VATERIAT MANUFACTURER 


koquer Atlas Coatings Corp 
I} David Kk. Long Corp 
J. Landau Co 


\\ White Prufcoat Laboratories, In 


ASPHALT BITUMEN 
f Black 


Coatings 


Pratt & Lambert, Inc 
Protective Coatings Corp 
\o. 3 Dampney Co 
It Aluminum Dux Paints & Chemicals, Inx 
ilt Paint Protective Coatings Corp 
1 Atlas Mineral Products Co 
Heil Process Equipment Corp 
Ralph V. Rulon, Inc 
Ralph V. Rulon, Inc. 
Electro Chemical Engineering & Mfg. Co 
\linnesota Mining & Mfg. Co. 
Minnesota Mining & Mfg. Co. 
Ralph V. Rulon, Ine. 
lectro Chemical Engineering & Mfg. Co 
J. W. Mortell Co... 
Nukem Products Corp 
8506 Aluminum Industries, Inc 
it «101 Pennsylvania Salt Mfg. Co 
st-O-Line Heil Process Equipment Corp 
n Mastic Ralph V. Rulon, Inc 


BUTADIENE-STYRENE 


Decatur Chemical Co 
Broadway Rubber Corp 
( \ Woolsey Paint & ( olor Co 


BUTYL RUBBER 


B. F. Goodrich Co 
nd GRI Soft I S. Rubber Co 


CHLORINATED RUBBER 


Lacquer Atlas Coatings Corp. 
National Lacquer & Paint Co 
Pratt & Lambert, Inc 
John L. Armitage & Co 
Dampney Co 
Napko Paint & Varnish Wks 
h Boy 296-01 National Lead Co. 
\I-1000 Rafli and Swanson, Ine 
Li MeDougall-Butler Co 
t Dux Paints & Chemicals, In 
Pittsburgh Plate Glass Co 
Heresite & Chemical Co 
Phelan-Faust Paint Mfg. Co 
J. Landau Co 
and Chemical Resist 
imel Lowe Bros. Co 
Allentown Paint Mfg. Co 
Paint Specialties, Inc. 


ivailable: ¢ coatings; M mastics; L = linings 


ess, mastics between 0.010 and 1/16 in., linings over 1/16 in 
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Coatings are 


ADDRESS FORMS* 


Long Island City, N. \ 
New York, N. ¥ 
Carlstadt, N. J 
Cambridge, Mass 


Buffalo, N. Y. 
Richmond, Calif 
Boston, Mass 
Lodi, N. J. 
Richmond, Calif 
Mertztown, Pa 
Cleveland, Ohio 
Philadelphia, Pa 
Philadelphia, Pa 
Emmaus, Pa 
Detroit, Mich 
Detroit, Mich 
Philadelphia, Pa 
Emmaus, Pa 
Kankakee, Ill 
suffalo, N.Y 
Cincinnati, Ohio 
Philadelphia, Pa 
Cleveland, Ohio 
Philadelphia, Pa 


Decatur, Ga 
Louisville, Ky 
New York. N. ¥ 


Akron, Ohio 
New York, N. ¥ 


Long Island City 
Chicago, Ill 
Buffalo, N. Y 
Newark, N. J 
Boston, Mass 
Houston, Tex 
New York, N. ¥ 
Chelsea, Mass 
Buffalo, N. Y. 
Lodi, N. J. 
Pittsburgh, Pa 
Manitowoc, Wis 
St. Louis, Mo 
Carlstadt, N. J 


Dayton, Ohio 
Allentown. Pa ( 
San Francisco, Calif ( 


considered here to be dried films less than 0.010 in. 


Ci7 








DIRECTORY OF TRADE NAMES AND PRODUCERS (continued) 


MATERIAL—TRADE NAME 


MANUFACTURER 


CHLORINATED RUBBER (continued) 


Pennpaint 
Ramu 
Rexad ir 
Rubberes 
Rubber-Lide 
Rust-Oleur 
Teconite 
Pnemee «700 
lorex 
Tornesit 
Ucilon 
Vorlac 

Zerok 125 


COAL TAR B 


Bitex 

Bitulock 

Bitumarine 

Bitumastic 

Bituplast ic 

Cermastic B-29 

Concoat 75 

Concoat Aluminum 

Conduct 

Conseal 

Inertol 

Mastipitch 

Reilly CA 

Rockcoat 

Tapecoat 

inemeco!) 
EPOXY 

Amercoat No. 50 

Copons 

Del Series D 

EP pi-Rez 

i pi-Tex 

lerrolast 

Fuse-On 

Indubond Ne. 2- 

Lankote 

Nitro-Dur 

Pitt Chem 625 

Porter 

Vinoxy 

Vorliner » ++ 
FURANE 

\lkaloy 550 

Ceilkote } low 

Duralon 

Formakots 

Formalock 

Jet-Kotk 

Lankote 


Permanite 


MINERAL BI 


Ceilkot 
( onolac 
Insul-Mastic \ 


apo 
Forms available: ¢ coatings 


mastics between 0.010 and 1/16 in 


‘ 


Pennsylvania Salt Mfg. Co 
Inertol Co 

Rexton Finishes, In 
Lambert Cor; 

Dux Paint & Chemicals 
RusOleum Cory 
Phompson & Co 

Pnemee Co 

Inertol Co 

Perry-Austen Mfg. Co 
United Chromium, In 
Vorac Co 

Atlas Mineral Products Co 
ITUMEN 

Maurice A. Knight Co 
Continental Products Co 
Saltimore Copper Paint Co 
Koppers Co 

Koppers Co 

Continental Coatings Corp 
Continental Coatings Corp 
Continental Coatings ¢ 
Ralph V. Rulon, In 
Continental Coatings Corp 
Inertol Co 

Ralph V. Rulon, In 

Reilly Tar & Chemical Corp 
Continental Coatings Corp 
Tap oat Co 


Pnemec ¢ 


Amercoat Corp 

Coast Paint & Lacquer Co 

David BE. Long Cory 

Jones Dabmne ‘ Lo 

Jones-Dabnev Co 

MeDougall-Butler ¢ 

Klectro Chemical Engineering & Mfg. Co 
ndustrial Lining D Chase Chemical ¢ 
J. Landau Co 

Electro Chemical Engineering & Mfg. Co 
Pittsburgh Coke & Chemical Ce 

Porter Paint Co 

Thompson & Co 

Vorae Co 


Atlas Mineral Produ 
Ceilkote Co 

LoS. Stoneware Ce 
Ralph V. Rulon, Inc 
Ralph V. Rulon, Inc 
Furane Plastics, Ine 
J. Landau Co 
Maurice A. Knight 


TUMEN 
Ceilkote Co 


Continental Products Co 


Insul-Mastic ¢ orp of America 


M mastics; L linings Coatings are considere here to be dried films less than 0.010 in. i 


linings over 1/16 in 


ADDREss 


Philadelphia, Pa 
Newark, N. J 
Irvington, N. J 
Houston, Tax 
Lodi, N. J 
Evanston, III 
Oakmont, Pa 
North Kansas Citv, Mo 
Newark, N. J 
Grasmere, N. ¥ 
New York, N. ¥ 
Rutherford, N. J 
Mertztown, Pa 


Akron, Ohio 
Euclid, Ohio 
Baltimore, Md 
Pittsburgh, Pa 
Pittsburgh, Pa 
New York, N. ¥ 
New York, N. ¥ 
New York, N. 
Philadelphia, Pa 
New York, N. 4 
Newark, N. J 
Philadelphia, Pa 
Indianapolis, Ind 
New York, N. ¥ 
Evanston, Ill 
North Kansas City, Mo 


South Gate, Calf 
Houston, Tex 
New York, N. ¥ 
Louisville, Ky 
Louisville, Ky 
Buffalo, N.Y 
Emmaus, Pa 
Pittsburgh, Pa 
Carlstadt, N. J 
Emmaus, Pa 
Pittsburgh, Pa 
Louisville, Ky 
Oakmont, Pa 
Rutherford, N. J 


Mertztown, Pa 
Cleveland, Ohio 
Akron, Ohio 
Philadelphia, Pa 
Philadelphia, Pa 
Glendale. Calif 
Carlstadt, N. J 
Akron. Ohio 


Cleveland, Ohio 
Euclid, Ohio 
Pittsburgh, Pa 
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\l. TRADI 


NATURAL RUBBER 


B. 1 
BI 
B. 1 
Automotive Rubber Co 
Arco Rubber Processors 
Automotive Rubber 
Arco Rubber Processor . 
BI 
Electro Chemical Engineering 
Minnesota Mining & Mfg. Co 
Luzerne Rubber Co 


Walk NAMI 


Croodrich Co. 
Cioodrich Co 
C,oodrich Co 


(soodrich Co 


er —Heat Resistant 
ber Standard Luzerne Rubber Co 

Heil Process Equipment Corp 
(hase 


Broadway Rubber Corp 


No. 200 Industrial Lining Diy 

Linatex Corp. of America 

Paramount Rubber Co 

| Natural Hard { Rubber Co 

i Natural Soft tS. Rubber Co 
Maurice A. Knight Co 
Bb. I 
B. F 
BI 


Svnco 


—~ 


(,oodrich Co 
Coodrich Co 
(io00drich Co 


Corp 
rubber & Buna-N synthetic 
NEOPRENE 


BF. 
Automotive Rubber Co 


Goodrich Co. 


ng (compound 
i #7 Lining Pittsburgh Plate Glass Co 
ell Electro Chemical Engineering 
Minnesota Mining & Mfg 
Co. 
Co 
Co. 
Co. 


prene (sates engineering 
prene N-200 
eoprene N-700 


eoprene Skidproof N-600 > Gates Engineering 


(sates Engineering 


Gates Engineering 


Heil Process Equipment Corp 
Chase 
Broadway Rubber Corp 


No 
nd \ 


151 Industrial Lining Div., 
Union Bay State Chemical C« 
Raybestos-Manhattan, In 
Atlas Mineral Products Co 
Atlas Mineral Products Co 
t Paramount Rubber Co 
veld 1165 Polymer Chemical Co 
LRM Soft I Rubber Co 


Protective Coatings 


~ 


Ir 
Synco Corp 

234 

NITRILE RUBBER 

Heresits A ¢ hemiic al ¢ on 

Polymer Chemical Co 


dl GR A soft I » Rubber Co 
1GRA Hard I Rubber 


PHENOLIC 


(compound 


1 1300 


~ 


LS. Stoneware Co 
Amercoat Corp 

John L. Armitage & Co 
Ceilkote Co 


vailable: ¢ \l 


mastics between .O10 and 1 


coatings: mastics; L lingings 


16 in., linings over 1 
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VANULBACTURER 


Union Bay State Chemical Co 


Electro Chemical Engineering & 


Co 


Union Bay State Chemical Co 


C NON-METALLIC MATERIALS AND FINISHES 


ADDRESS FORMS" 


Akron, Ohio 
Akron, Ohio 
Akron, Ohio 
Detroit, Mich 
Houston, Tex 
Detroit, Mich 
Houston, Tex 
Akron, Ohio 
Emmaus, Pa 
Detroit, Mich 
rrenton, N. J 
Trenton, N. J. 
Cleveland, Ohio 
Pittsburgh, Pa 
Louisville, Ky 
Rockville, Conn 
Detroit, Mich 
New York, .N 
New York, N. ¥ 
Akron, Ohio 
Akron, Ohio 
Akron, Ohio 
Akron, Ohio 
Pa 


& Mig. Co 


Chemical ¢ orp 


Emmaus 


nm . 
+ Blend of natural rubber with other resins & fillers 


Akron, Ohio 
Detroit, Mich 
Cambridge, Mass 
Pittsburgh, Pa 
Emmaus, Pa 
Emmaus, Pa 
Detroit, Mich 
, Del 
Del 
Wilmington, Del 
Cleveland, Ohio 
Pittsburgh, Pa 
Louisville, Ky 
) Cambridge, Mass 
Passaic, N. J 
Mertztown 


Vlg 
& Mig. Co 


Wilmington 
Wilmington 
Wilmington 


Chemical ¢ orp 


Pa 
Vertztown, Pa 
Detroit, Mich 
Cincinnati, Ohio 
New York N \ 
Tampa, Fla 

Pa 
Vlas 


Emmaus 


Cambridge 


Wis 
Cincinnati, Ohio 
New York, N. ¥ 
New York, N. ¥ 


Vanitowoc 


Akron, Ohio 
South Gate, Calif 
Newark, N. J 


Cleveland, Ohio 


Coatings are considered here to be dried films less than 0.010 in 


16 in 


Cis 











DIRECTORY OF TRADE NAMES AND PRODUCERS (continued) 


MATERIAL—TRADE NAME MANUFACTURER ADDKESs FORMS 


PHENOLIC (continued) 
lear Pratt & Lambert, Inc Buffalo, N.Y 


Chemical Resistant Cle: 
:, Munray Products, In: Cleveland, Ohio 







la. N.Y 





Durez Durez Plasties & Chet als North Tonawar 
Heil Pro s Equipment Cor Cleveland, Ohio 


Lk 







Nukemiute SS Nukem Prod ~ Corp Butfaio, N.Y 
Polymer Chemical Co Cincinnati, Ohio 





Permabond 1000 
rat Shem S08 Pittsburgh Coke & Chemical Co Pittsburgh, P 


. Prufcoat Laboratories, In Cambridge, Mass ( 


Prufcoat S.R 
Riewarlite » 1060 tice-Wil Plastic Coating & Mfg. Corp Cleveland, Ohio ( 
rh-2 Tube-Kote, In Houston, Tex ( 
Prailite Trail Cher | Corp El Monte, Calif ( 









Propelite Prop 1 Paint & Ohl Co Cleveland, Ohto 
Lion United Chron ! lr New York, N.Y 
lL nion Union ¢ ! il Corp Newark, N. J ( 
Rutherford 












PHENOLIC-DRYING OIL 


A & AR Varnis! Phibant & W 
fakelite 7313 Allentown Paint Mig. ¢ Allentown, Pa ( 
hisen-Heiss Master Mechanics ¢ Cleveland, Ohi 
Flor-Dect National La juer & Paint ¢ 
Hardeote MeDougall-Butler Co Buffalo, N.Y 
Heresite Heresite & ¢ ( ilowo 
Lustercote Aluminur La ) : rp Horst \ . 
Marblette 400 Nhat { ( 1) Long Island Cit ( 
Nelsonite RS Nels Cc} !’ Grand Rapids, Mich ( 
Ox-O-Deck- Flo Lehman B ( Jersey Citv, N. J ( 















Permite 2025 \ | i Cincinnati, Ohio ( 
Permite 2026 \ Indus . Cincinnati, Ohio ( 
Permite V-1000 Alu | Cincinnati, Ohio ( 
Pitt Chem 320 Pittsburgh ¢ & Che ( Pittsburgh, P ( 





Buffalo, N.Y ( 
nd, Ohio ( 





Resistant Enamel & Varni- Pratt & I ert, I 
Ricwilite Ric-Wil Plas ( ting & Mi ( 






sancoe Monroe Ss ler 4 






Vos hoo Marblette ¢ 
M 


POLYETHYLENE 


Bauer & Black Div.. Ker Co Chicago, Ill 
r 






( 
1 I 

V65-122 M tte Corp Long 
| 
l 


4444. 
sw 





V70-17 













Fluorinated polyethylene 
SILICONE 


Aluminum 1400 1) iy ts & Chen | 





Lodi, N. J ‘ 
Boston, Mass ‘ 






Dampney Damnney Co 
Del Aluminuu - Ht David F. Leng Corp New York, N. ‘ 
Hli-Heat Warren Paint & Color Co Nashville, Tenn 
Lankote-Alu 14 iCo Carlstadt, N. J ( 
Permite ©1901 \lumin Tuclust Cincinnati, Ohio 
Porter Io ’ t ¢ Louisville, Ky ‘ 
Prufcoat HI Prufeoat Laboratories. I Cambridg: 
Silicone Alumim Allentown Paint Mfg. Co Allentown 

Thermalite Fropical Paint & Oil Co Cleveland, Ohio 
















* Forms available: ¢ coatings; M masties; L linings. Coatings are considered here to be dried films less than 0.010 ip in 








Bess, mastics between U.010 and 1/16 in., linings over 1/16 in 


C20 






















PRADE NAME 


MANUFACTURER 


STYRENE-BUTADIENE 


ili Resistant 


mdard 


THIOKOL 


i wp Soft 


VINYL 
\ Alkali Resistant 


Causticbond 


Dry Lacquer 


lastic 396 


Protective Treatments, In 
David EF. Long Corp 


Electro Chemical Engineering & Mfg. Co 


MeCabe Paint & Varnish Co 
Phomson-Porcelite Paint Co 
Phomson-Porcelite Paint Co 
Medusa Portland Cement Co 
Nukem Products Corp 
Watson-Standard Co 
(ilidden Co 

Prufcoat Laboratories, In« 
Hanline Bros 

MeCabe Paint & Varnish Cx 
Syneo Corp 

Phompson & Co 

Propical Paint & Oil Co 
Pittsburgh Plate Glass Co 
Atlas Mineral Products Co 


Minnesota Mining & Mig. Co 
| s Rubber Co 


Protective Treatments, In 
Wilbur & Williams Co 

Atlas Coatings Corp 
Amercoat Corp 

John L. Armitage & Cs 

Ht. N. Hartwell & Son, In 
Nelson & Ouinn Co 

Vimasco Corp. 

Pittsburgh Plate Glass Co 
Ceilkote Co 

Jones-Blair Paint Co 
Minnesota Mining and Mfg. Co 
(orrosite Corp 

Munray Products, Ine 
Munray Products, In 
Dampney Co 

David E. Long Corp 

Napko Paint & Varnish Wks 
Electro Chemical Engineering 
Veerchants Chemical Co 
Polymer Chemical Co 
Protective Coatings, In 
Watson-Standard Co 

(;ates Engineering Co 

Paisley Products, In¢ 

Heil Process Equipment Corp 
Heresite & Chemical Co 


Industrial Lining Div., Chase Chemical 


U.S. Rubber Co 

B. F. Goodrich Co 
Raybestos-Manhattan, [ne 
J. Landau Co 

J. Landau Co 

Broadway Rubber Corp 
Plastic Lining Coatings, In 
Plastic Lining Coatings, In 
Plastic Coating Corp. 

R. M. Hollingshead Corp 
(. A. Woolsey Paint & Color Co 


C NON-METALLIC MATERIALS AND FINISHES 


ADDRESS FORMS* 


Dayton, Ohio 
New York, N. ¥ 
Emmaus, Pa 
Irvington, N. J 
Philadelphia, Pa 
Philadelphia, Pa 
Cleveland. Ohio 
Buffalo, N.Y 
Pittsburgh, Pa 
Cleveland, Ohio 
Cambridge, Mass 
Baltimore, Md 
Irvington, N. J 
Emmaus, Pa 
Oakmont. Pa 
Cleveland, Ohio 
Pittsburgh, Pa 
Mertztown, Pa 


Detroit, Mich 
New York, N.Y 


Dayton, Ohio 
Boston, Mass 
Long Island City, N. ¥ 
South Gate, Calif 
Newark, N. J 
Boston, Mass 
Poledo, Ohio 
Charleston, W. Va 
Pittsburgh, Pa 
Cleveland, Ohio 
Dallas, Tex 
Detroit, Mich 
New York, N. ¥ 
Cleveland, Ohio 
Cleveland, Ohio 
Boston, Mass 
New York, N. ¥ 
Houston, Tex 
Emmaus, Pa 
South Norwalk, Co 
Cincinnati, Ohio 
lampa, Fla 
Pittsburgh, Pa 
Wilmington, Del 
Chicago, Ill 
Cleveland, Ohio 
Nlanitowoc, Wis 
Pittsburgh, Pa 
Naugatuck, Conn 
Akron, Ohio 
Passaic, N. J 
Carlstadt, \. J 
Carlstadt, N. J 
Louisville, Ky 
Chicago, Il 
Chicago, Ill 
Houston, Tex 
Camden, N. J 
New York, N. ¥ 





ivailable: ¢ coatings: M mastics; I] linings. Coatings are considered here to dried films less than O.OL0 tn. in 


mastics between 0.010 and 1,16 in., linings over 1) 16 in 


ngineering 
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DIRECTORY OF TRADE NAMES AND PRODUCERS (continued) 


MATERIAL TRADE NAMI 
VINYL (continued) 
Microloid Michigan Chrome & Chemical Co Detroit, Mich. 
Microsol Michigan Chrome & Chemical Co Detroit, Mich. 
Microtape Michigan Chrome & Chemical Co Detroit, Mich 


MANUFACTURER ADDRESS 


Microtex 

Nukemite #35 
Nukemite 410 
Panoflam 

Parakote Liners 
PC-11 Plastisol 

Pee Vee 

Permaskin 
Permawelds 
Plastisols & Plastigels 
PRS Masties 
Prufcoat “ A’ 
Richardson #122 
Ridigsol 

Sealon 

Sterilkote 

Synco 

PhK-43 

luff 

luflex 

lygon 

Tygoflex 

Pri-Guard 

Ucilon 

Unichrome 

Union 

I s Royalguard 
Vineco 

Vinrex 

Vinyl 

Vinyl Aluminum 
Vinyl-Clas 
Vinyl-Cote 

Vinly Floor Enamels 
VinlyLac 

Vinyl Plastisols 
Vinyl Red Lead 
Vinyloid 
Vinyltex 
Vinylux 
Vora 
Vorliner #22 
Zerok 101 
Zerok 105 


VINYLIDENE 


\tlastavon | 
Duro-San 
(;aco Nitrocote 
Insulbond No. 100 
Naras Rubber 
Saran 

Saran 

Saran 

Saran 

Saran Rubber 
Saran Rubber 
“synco 
Tri-Bond 
Vorsans 


Michigan Chrome & Chemical Co 


Nukem Products Corp 
Nukem Products Corp 
Perry-Austen Mfg. Co 
Paramount Rubber Co 
Munray Products, Inc 
Thompson & Co 

Dennis Chemical Co 
Polymer Chemical Co 
Protective Treatments, In 
Product Research Service, Ine 
Prufcoat Laboratories, In 
Richardson Paints, In 
Watson-Standard Co 
Maurice A. Knight Co 
Bradley & Vrooman Co 
Syneco Corp 

lube-Kote, Ine. 

Nelson J. Quinn Co 

Coating Materials Laboratories 
U.S. Stoneware Co ; 
lS. Stoneware Co 
Benajmin Foster Co 
United Chromivm, Inc 
United Chromium, Inc 
Union Chemical Corp 

lS. Rubber Co. 

(Coating Materials Laboratoreis 
Rexton Finishes, In 

Lenoir Wood Finishing (: 
Dux Paints & Chemicals. In 
Plastic Lining Coatings, In 
(ilidden Co 

Benjamin Foster Co 

Plastic Lining Coatings, In 
\tlas Coatings Corp 

Dux Paints & Chemicals, In 
Kelley-Mahorney Co 
Baltimore Copper Paint Co 
Kelley-Mahorney Co 

Vorac Co 

Vorac Co 

Atlas Mineral Products Co 
Atlas Mineral Products Co 


CHLORIDE 


Atlas Mineral Products Co 


Electro Chemical Engineering & Mig. Co 


(rates Engineering Co 


Industrial Lining Div., Chase Chemical Corp 


Broadway Rubber Corp 
Automotive Rubber Co 
\Rco Rubber Processors 
Lenoir Wood Finishing Co 
Raybestos-Manhattan, In 
Dow Chemical Co 

Saran Lined Pipe Co 
Synco Corp 

Broadway Rubber Corp 
Vorac Co 


Detroit, Mich 
Buffalo, N. Y. 
Buffalo, N. Y. 
(;rasmere, N. Y 
Detroit, Mich 
(Cleveland, Ohio 
Oakmont, Pa 

st. Louis, Mo 
Cincinnati, Ohio 
Dayton, Ohio 
Westwego, La 
Cambridge, \Vlass 
Havertown, Pa 
Pittsburgh, Pa 
Akron, Ohio 
Chicago, Il 
I:mmaus, Pa 
Houston, Tex 
Toledo, Ohio 
Belleville, N. J 
Akron, Ohio 
Akron, Ohio 
Philadelphia, Pa 
New York, N. ¥ 
New York, N. ¥ 
Newark, N. J 
New York, N. ¥ 
selleville, N. J 
Irvington, N. J 
Lenoir, N. ¢ 
Lodi, N. J 

(‘hi ago lil 
Cleveland, Ohio 
Philadelphia, Pa 
Chicago, Ill 
Long Island City 
Lodi, N. J. 
Louisville, Ky 
Baltimore, Vid 
Louisville, Ky 
Rutherford, N. J 
Rutherford, N. J 
Vlertztown, Pa 
Vlertztown, Pa 


\lertztown, Pa 
Emmaus, Pa 
Wilmington, Del 
Pittsburgh ,Pa 
Louisville, Ky 
Detroit, Mich 
Houston, Tex 
Lenoir, N. ¢ 
Passaic, N. J 
Midland, Mich 
lerndale, Mich 
Emmaus, Pa 
Louisville, Ky 
Rutherford, N. J 


* Forms available: ¢ coatings; M mastics; L linings. Coatings are considered here to be dried films less than 
in thickness, mastics between 0.010 and 1/16 in.. linings over 1/16 in 
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rom Ct MICAL ENGINEERING 


C NON-METALLIC MATERIALS AND FINISHES 


~fChoosing Thermal °°: 


When the insulation 


+} 
7 


Insulation Materials 


Generic types of materials 


Methods of evaluation 


How to calculate required thicknesses 


RAY THOMAS 
id W. C. TURNER 
Carbon ( ( 
( ! . ’ Ww y 
thermal charact 
gz mat rial are 
ther 


Table | 


Economic Thickness 
Fundamentally, the heat transferred 
through an insulation is determined by 
the difference between the high ten 
rature on one side and the low 
, divided by 


resistance to heat flow. This 


rature on the other side 


stance includes, in addition to the 
sulant itself, the outside air film and 
sometimes an inside air film. Methods 
alculating heat flow and film r 
sistances can be found in bas 
{ handbooks with relatiy cast 
As the thickness of thermal insu 


What to Consider When Comparing Insulation Materials 





DIMENSIONAL PROPERTIES 
Shapes and sizes 
Straightness 
Smoothness 
Shrinkage—excessively large voids 
Coverage 
Density 


THERMAL PROPERTIES 

Conductivity 

Effect of temperature 

Effect of moisture 

Effect of joints 

Effect of tie-wires 
Specific heat 

Effect of temperature 

Effect of moisture 
Thermal diffusivity 
Thermal emissivity 
Thermal absorptivity 
Temperature range—maximum and minimum 
Expansion and contraction 
Resistance to flame 


CHANICAL PROPERTIES 
Compression strength 

Compressibility of blanket or fill materials 
Tensile strength 

Flexural strength 

Impact strength 

Compression—shear strength 
Hardness—surface 

Abrasion resistance 

Indentation strength 

Tearing strength of blanket and sheets 
Loss of strength because of fatigue 
Folding endurance of sheets and films 
Resistance to thermal shock 
Temperature effect on strength 


MOISTURE PROPERTIES 

Water migration 

Vapor migration 

Vapor migration through joints, cracks, tape 

Effect of temperature, humidity and air motion 
on vapor migration 

Relation of thickness resistance to vapor mi 
gration 

Relation of vapor barriers to thermal insulation 
in their ability to be used together 


CHEMICAL PROPERTIES 
Chemical analysis 
Corrosive properties—alkalinity, pH 
Corrosive properties in combination with other 
materials 
With moisture present 
With process chemicals present 
Smoke point—alone or with chemicals present 
Flash point—alone or with chemicals present 
Auto-ignition’ point—alone or with chemicals 
present 


ELECTRICAL PROPERTIES 
Resistance to electrical flow, dry, wet 
Galvanic action 


WORKABILITY PROPERTIES 
Cutting characteristics of solids 
Fitting characteristics of solids 
Forming characteristics of solids 
Adhesive characteristics of cements and mastics 
Pouring characteristics of cements and mastics 
Troweling characteristics of cements and mastics 
Brushing characteristics of mastics 
Handleability of material 
Personnel reaction—effect on skin 
Toxic hazard of application—solvents in mastic, 

etc 
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Asbestos 


quation must be corrected 
ference between the 

surface areas of the in 
in the basis of outside area 
ss x is replaced by the term 


inside 


where rm, is the inside ra 
the outside radius 

most pipe insulation ts 
linear foot basis rather than 
sis. In the derivation of the 
cost equation via differen 
d equating to zero, this 
cost basis gives rise to an 
factor not appearing in the 
wr flat surfaces 

il expression for economi 


for cylindrical surfaces is 


s the air-film resistance of 
surface and / is expressed 
1s of outside surface area 


Effect of Service Conditions 


the standpoint of thermal 
ristics and mechanical and 
roperties, the data listed in 
II can be used to select an in 
material that is satisfactory 
ndustrial requirements. How 
even the best insulation will not 
good service if improperly in 
ed and if not used with accessory 
rials which will withstand the con 
ns imposed by the installation 
ure ——All outdoor and some in 
¢ insulation must be protected by 
weather barrier. Most outside in 
in is protected with bituminous 
turated felts or mastics composed of 
Indoor insulation is 
finished by painting. In either 
unless the surface temperature is 
ently low to prevent the heat 
shortening the life of these fin- 
he cost of maintaining them 


ninous bases 


he prohibitive 

nbient temperature—Surface tem 

ture of insulation should normally 

the dew point of the ambient 

Under extremely humid conditions 

S virtually impossible to prevent oc 

nal condensation on low-tempera 

nsulation surfaces. However, the 

n should be designed so that 

1s when condensation occurs 

relatively infrequent and of 
ration 

surface temperature stays be 

average dew point it will al 

wet. Migration of moisture is 

ter through a wet 

ih a dry 


surface 
surface which is 

Not only will 
from wet surfaces cause con 
damage to surrounding metal 
fe of the barrier and the in 
tself will also be 


dew point 


de creasc d 


duct Engineering 


Low temperature surface Water 
vapor must be prevented from enter- 
ing materials used to insulate low tem- 
perature equipment. Completely satu- 
rated insulation has a conductivity 
value of 4.0, compared with about 
0.25 for dry insulation. Thus the heat 
flow through the insulation will in 
crease up to 16-fold 

Unless the insulation ts itself vapor 
resistant, the vapor barrier becomes of 
paramount 
the insulation and providing an eco 
nomical Vapor barriers 
may be composed of any one or more 
of a number of materials selected for 
their ability to serve the requirements 
of the installation in question 

One common mistake in the use ot 
vapor barriers is the 
offs At intervals the barrier should be 
sealed off through the 
the metal 
membrane is punctured such tic-offs 
will restrict 


importance in prote cting 


service life 


omission Of tte 


insulation to 


surface. In case the outer 


Vapor migration to only 
one sealed section. For the same rea 
where pipe inter 
rupted ata junction point, suc h as an 
ell, valve or flange, the vapor barrier 
of the pipe insulation should be sealed 
off from the insulation and vapor bar 
rier of the fitting 

Breakdowns of vapor 
barriers frequently begin at corners, 
particularly inside corners. For this 
reason it is preferable to maintain as 
large a radius as possible and avoid 
sharp acute angles by rounding out in 
side corners, using special precaution 
that the barrier is well reinforced and 
installed with particular care at these 
points. Where a vapor-resistant insu 
lation is used the considerations are 
somewhat less exacting 

The weakest point of any insulatior 
lies in the joints. Unless joints are ade 
quately sealed and protected, moisture 
will enter at these points The mois 
then alternately freeze and 
thaw and eventually cause complete 
breakdown of the insulation 

Expansion and contraction of pipes 
and vessels should be carefully con 
sidered in the design of insulation. On 
low-temperature installations, such 
movements transmitted to the vapor 
and weather barriers contribute to their 
breakdown: these 
stresses should be eliminated or com 
pensated for in the design 

Safety —For high temperature instal 
lations, sufficient material must be used 
to keep the outside surface tempera 
ture sufficiently low that it will not con 
stitute a hazard to operating personnel 
Another consideration is that the high 
er the surface temperature, the greater 
the hazard of flashing from flammable 
materials of low flash points 

Conversely, insulation must be suf 


son, insulation is 


weather and 


ture may 


wherever possible 
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C NON-METALLIC MATERIALS AND FINISHES 


ficiently thick to prevent excessive heat 
loss or gain in the equipment If an 
operating process can afford to lose 
or gain only a limited amount of heat 
or if certain vessels operate on definite 
temperature limitations, a 
thickness of must be pro 
vided to maintain the required condi 
tions and 


sufficient 
insulation 
prevent economi loss or 
damage to equipment 


Other Types of Insulation 


materials listed 
materials 


satisfactory for 


In addition to the 
in Table 


or a 


II, use of reflective 
vacuum may be 
insulating purposes 
Reflective 
or more parallel sheets of metal sepa 
rated by suitable spacers. By restricting 
the air movement, heat transfer by con 
vection is cut to a minimum. Heat will 
pass through air or any other gas by 
conduction, as it does through a solid 
however, the conductivity of air is low 
being only 0.16 Btu. per (hr.) (sq 
ft.) (deg. F per in.) at 70 F 
The balance of the total 
is transferred by radiation. The amount 
transferred from a warmer surface to 
a cooler one is determined by the tem 
perature difference between the two 
surfaces, the emissivity of the warmer 
surface and the reflectivity of th 
surface. By using a material that has a 
low emissivity on the warm side and 
a material that has a high reflectivity 
on the cool side the amount of heat 
transferred will be minimized 
Although many polished metals 
have low emissivity and high reflec- 
tivity, they lose their polish when their 
emissivity values rise and their reflec- 
tivity values drop. Aluminum is fre- 
quently used in reflective insulation be 
cause the change from a polished sur- 
face to an oxidized surface increases 
refiec- 


insulation consists of one 


heat loss 


cooler 


its emissivity and reduces its 
tivity only about 5 percent 

If the air is removed from between 
two surfaces which have low emuss:ve 
and high reflective values, then the 
heat transfer by convection and con 
duction will be a much 
smaller amount than when air :s pres 
ent. The vacuum also assists in recain 
ing the most reflective sur 
faces: thus, transfer is minimized 

Use of reflective surfaces separated 
by a vacuum is a very efficient means 
of insulating thermally, but because of 
the difficulty of maintaining a vacuum 
it is generally restricted to the insu 
lation of relatively small vessels or ob 
jects. It is excellent at low tempera 
tures, providing the vacuum is main 
tained, because the system is also vapor 
tight. Vacuum used for high tempera- 
tures is generally limited by the re 
strictions imposed by the ability of the 
ontainer to resist thermal shock 


reduced to 


efthicient 
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MECHANICAL AND EL! 


ge shown have been peueet senating 

to vitrification, impervious dense materials on 

the left, with increasing porosity toward the VITREOUS CERAMIC MATERIA LS 
right, classified by moisture absorption, as 

‘ollows: 


eee to 0.02% mommy | + 
itified.0.02 to 0.5% itreous 0.5 to 
Semivitreous . 3 to 10% FINE TEXTURE 
Highly Porous. .Above 10% 


Measurements shown are average values from | Steatite-Chiefly Tit 
test pieces. Production articles may vary slightly. Clinoenstatite Crystals a me vium 
depending on size, shape a method of Mg0-SiO0 ioxide 
+ 2Mg0-Si0, | Ti0, 
manufacture. A 8 C D 


= High strength Lowerdielectric| Excellent Mechanically | For service Ceramic for 
Application insulators with | lossesthen A. | mechanical strong with |where very low! Polished 

= p good electrical | High strength | properties with) high electrical | loss insulators [Thread guide 
characteristics,| insulators made) lower electrical) resistance at | are required. |High dielectne 
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| for | di for | For use in high| temperatures. | metal seals. ie as dielec. 
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A | imoervious | Impervious | Impervious! Vitreous | impervious 
Sint cents | @s | 26 | 27 ss__i_48 
Density | 0.090 0.094 0.098 0.094 | 0.101 


Lbs per - in. ] 

C 4,450 1,440 1,440 1,445 1,440 
| F | 2642 2624 | 2624 2,633 2,624 
Sefe temperature’at . 1,000 | 1,000 | 1,000 1,000 1,000 
continuous heat F 1,832 | 1,832 | 1,832 1,832 t 1,832 
Hardness Mohs’ Scale* 7.5 7.5 7.5 7.5 7.5 
Thermal expansion Per C 25-100C | 6.9x10* | 7.3x10* | 6.4x10° 7.7x10° |) 9.1x10* 
Linear coefficient er\ 95-700 C | 8.7x10* | 8.6x10* | 8.9x10* | 10.2x10*| 10.6x10* 
Tensile strength | D116 42 Lb per sq in. 8,500 | 10,000 10,000 8,500 10,000 
Compressive strength D667-42T | Lb persqin. | 75,000 85,000 85,000 75,000 85,000 
Flexural strength | D667-42T Lb persqin. | 18,000 20,000 20,000 20,000 20,000 
Resistance to impact Charpy 
(‘A in. 10d) D667.49T Inch-Lb 4.5 4.0 45 40 
Thermal conductivity® | g cal x cm thick 0.006 0.006 | [0.006 0.006 0.008 
(approximate values) cm’ x sec x C | | 
Dielectric stren 
step 60 cycl ~y 
est discs ‘4 in [thick 

> 10” 


Volume resistivity : | 1.0x10" 
at various 300 Ohms per | 6. | 6.5x10° 
temperatures centimeter | = 4.0x10’ 
cube | = 1.8x10* 

3.0x10° 


Softening Temperature 


Volts per mil | 240 240 
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constant* } 10 MC D667 42T 
100 MC | 


a oape 
Power \ 
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Capacity change Per C 


o 
°o 


| Parts per million 750 


+ + + ? T 


Ceramic materials cannot be measured by ‘The value is the temperature at which é 
Rockwell or Brinell methods. meter cube has a resistance of one meg 


. renin: factor: 
g cal x cm thick BTU «x in. thick 
cm’ x sec x C 2903 cixhrxF 


“Steatite, Forsterite, Alumina, measured #4 
immersion in water for 48 hours (Jar 
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; | Aluminum | Magnesium Magnesium | Zirconium Silicon 
- side o Silicate Silicate Cordierite Zircon Alumina Silicate | Oxide Carbide 
oxide 1,0, AISiO, | MsSi0, |2Mg0-2AI,0,-5Si0,) Zr0,-Si0, | Al, 0, MgSi0, Zr0, SiC 
2 B | | 
+—__—_-——++ — +—___—— + $$ ++ —— --- 
iti atch Seong a) Soostient gp Pm \ Very fine wale |" Easily degassed) Refractory which Refractory body Soccliont 
lished Tanede istance, b p he ’ high resistance good sodstense | good - 4-5 pu — he ton shock ‘a shock, 
pitas }. 4 - ee soll made to close gm Hy Tay leitense at | Soldinrods, | Made only in | high temperature 
—— ponible in A, | Available in | For insulating elements, fing pletes | ture, Poroes | ‘snd blocks, c~ysty Mode in simple 
as dielec- made by both larger sizes spacers in thermocouple and supports, [body principally | For model Manufactured by shapes only 
a . machining and than any other small size insulators and brazing jigs, | used tor vacuum | making end pressing or | High abrasion 
ness, also jo ww | grade of Lava. | vacuum tubes. burner tips | etc tube insulators. repeir parts casting methods. | ist 
oder 
ications. | a - = ee = a es = 
10 0.09 06002 | Pos | _ 2to3 16 to 15 | 8to14 12 to 18 14 to 18 12 to 16 8 to 12 
' Technically | Technically | Highly Highly Highly Highly Highly Highly 
rerio. Impervious | Vitreous | Vitreous | Porous Porous Porous | Porous Porous Porous 
“a st a | a ye 20. | 29 | 99 
0.144 0123 | 0.085 | 0.102 | 0.076 0.105 | 0.087 | 0072 | 0106 | 0,081 
1,450 (440. T6007 475 1,430 T1610 7 1800 7 71,695 7 2400 ° 1,800 
2,642 9624 | 2912 | 2687 2,606 2,930 3,272 2,957 4,352 3,272 
1,000 {100} 1,100} T2507 1350 7350 1400-30000 80 
1,832. 2,012 2,012 | 2,282 2282 =| 62462 | 2552 | 62372 | Tk | 648 
8 9 6 6 7 6 See footnote’ 
3x04 SOF | LHRTO® PAT ITO | TS 0* 3x0 51x10" | 6.0x10* | 79x10" | @0xi0* 
}. 7x10* 7.5x10* | 3.6x10* | 11.9x10°* 2.8x10* 5.3x10°* | 7.2x10* | 10.0x10* | 8.3x10* | 5.2x10° 
7,500 | 2,500 | | 3,500 2,500 
$0,000 100,000 | 20,000 | 25,000 | 40,000 | 16,000 11,000 | 925000 | 11,000 | 
20,000 40,000 9,000 | 9,000 | 8,000 | 13,000 | 10,000 | 8,000 4,000 | 4,090 
| | } 
6.5 oe | | 2.5 2). 22) oe | ge 1 ae 
0.009 0.020 | 0.003 | 0.005 | 0.003 0.003 0.004 0.005 0.004 0.030 
100 250 80 100 | 100 50 50 
> 10" > 10" 
9.8x10" 2.0x10" | 6.0x10" 9.0x10¥ 3.0x10" | >1e 5.0x10" > 10" > 10" 
1.0x10° 5.0x10" | 2.0x10° 1.2x10" | 2.0x10" 3.6x10° 1.0x10" 6.0x10" 4.5x10° 
1.7x10 1.0x10* 5.0x10* 1.1x10* | 9.0x10’ 1.8x10’ 7.5x10’ 4.6x10° 8.2x10° 
2.5x10' 3.0x10° 3.5x10° 3.3x10* 3.0x10* 1.0x10* 3.6x10* 1.7x10° 2.5x10° 
> 1x10" 4.0x10° 5.0x10* 4.2x10° 3.5x10° L 2.2x10_ 5.6x10° 1.1x10’ 4.0x10* 
520 800 620 810 780 700 835 > 1,000 610 
968 1,472 1,148 
85 
85 
85 
85 
0.0010 
0.0005 0.0007 0.01 0.0003 0.004 0.0025 0.0902 
0.0006 0.0007 0.009 0.003 0.0025 0.0002 
0.0007 0.0008 | 0.007 | | 0.003 | |_0.0020 | 0.0002 | 
0.006 0.053 0.002 0.020 0.014 0.001 
0.006 0.048 | 0.015 0.014 0.001 
0.015 0.001 
} ' 
750 200 | +100 -100 
a + + _—_+—_____ + + - > - r 
at which ¢ MiB td and coarse grained; can be Values omitted because specimens according 
f one mesemound, but not machined either before to A.S.T.M. cannot be made in this material 
ad t fring or the values have no industrial significance. | 
easured © f 
ours. (Jan-' 
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Developments to Watch 


EPOXY PLASTICS . . . Epoxy res 
ins, a new class of condensation poly 
mers that exhibit the best properties of 
phenolic and polyester resins, have 
reached a stage in commercial develop 
ment where they are seriously compet 
ing with these better known resins in 
coatings, adhesives, castings, moldings 
and laminations. Although relatively 
high priced, they have one important 
characteristic that puts them apart 
they set at room temperature. Depend 
ing upon Curing agent and temperature 
choices, epoxy resins can also be mold 
ed or cast at temperatures up to 450 I 
Molding pressures may also vary with 
uring agent and temperature 

Greatest use to date has been i 
encapsulation of electronics units and 
components where their impact resist 
ance and dimensional stability at 
elevated temperatures safeguard tran 
sistors, vacuum tubes, and other elec 
tronic components from thermal and 
mechanical shock. 

Coming up fast is their influence in 
reinforced plastics where they make 
possible the forming of glass fiber 
structures without heat or pressure. In 
conventional glass fiber-polyester resin 
laminates, they are already offsetting 
a major disadvantage of polyester resins 

-poor adhesion to metal surfaces. As 
metal-to-plastic bonds, they will sin 
plify design of metal inserts, eliminate 
mechanical fastenings, induce compact 
joint design. For coatings, their chem 
ical resistance, not only surpasses that 
of phenolic and vinyl base coatings 
but their temperature resistance, abov« 
350 F, and their application without 
baking makes them usable where these 
coatings are not 

As casting 
require no 
may be 


materials 
expensive 


epoxy resins 
molds. Molds 
made of plaster, metal-sprayed 
plastic or wood forms, alu 
or steel. One recent develop 
ment in casting is the use of plastisol 
molds. Fused from vinyl resin based 
plasticizer dispersions, these molds are 
inexpensive yet flexible enough to per 
mit removal of complex cast pieces 


plaste r, 


minum, 


One important use, dies, will expand 
us reinforced plastic production ex- 


sands, requiring ine 


i 


xpensive tools 


VINYLTOLUENE RESINS 

Similar in behavior to styrene but ex- 
hibiting flexibility character- 
istics, these new resins are experted to 
replace styrene in synthetic rubber 
rubber-reinforcing resins, polyester res 


greater 


ns and molding powders 
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REINFORCED PLASTICS .. . De 
velopments in resins will be major 
changes in reinforced plastics in com 
ing year. Uses—commercial car bodies, 
tank truck construction, architectural 
units—definitely place these materials 
in structural application. Successful use 
of phenolic-glass fiber reinforced 
laminates in primary aircraft structures 
indicates this trend as well as growing 
use of epoxy described above. Initial 
testing during 1953 showed that glass 
fiber phenolic laminates compare 
favorably with metal alloy sheet on 
stiffness basis. At temperatures of 500 
F, their specific ultimate tensile strengtl 
approaches that of titanium and stain 
less steel alloys, has resulted in their 
being evaluated for compressor blade 
construction. Economies 
reinforced construction indicate that 
structures can be built for as 
little as 20 percent of the equivalent 
cost in metal. Studies were made in 
highly loaded components such as wing 
panels and fuselage sections and the 
plastic structure was designed to con 
form with most efficient techniques in 
use today. In typical designs, the plastic 
lay-up requires only about 10-15 per 
cent of the component parts of the 
equivalent metal assemblies, reflecting 
a reduction of 20 percent in engineer 
ing manhours required to design the 
structure 


claimed for 


some 


ISOCYNATES Another new 
class of synthetic resins, the isocynates 
will go into production soon in this 
country with completion of a plant be 
ing built by the Monsanto Chemical 
Company. Excellent waterproofing 
compounds for all types of fabric and 
leather, the isocynates also are said to 
be one of the strongest adhesives for 
fabric to metal and metal to metal 
Strength of joints and design recom 
mendations are being investigated 
jointly by Monsanto and the Armour 
Laboratories Div. of the Armour C 


PLASTIC PIPING . Plastic pip 
ing of the glass reinforced laminated 
type has progressed from possibility to 
reality with manufacture on a produc 
tion basis. Initially sponsored by the 
Bureau of Ships, which is interested 
because of high-strength, light-weight 
and corrosion resistance, laminated pip 
ing is being made by the Reflin Co. in 
diameters from about 3 in. up to 6 and 
8 inches 

Other types of plastic also being used 
for piping are 


Extruded PV C—-Unplastic 
vinyl chloride is resistant 
alkalis, and solvents; has hig 
strength; is about one-fourth 
as steel and can be “welded 
gas torch. 

Cellulose Acetate Butyrate 
used in oil and process industr 
resistance to ground corrosio 
water is important. Much cheap 
stainless steel 

Polyethylene Flexible, 
weight, easy to install. Suitab 
replacement for copper or bro 
ing or untreated steel piping 
larly for carrying water 
underground cable, etc., wh« 
peratures are below 100 F. 

Styrene When compounded we 
synthetic rubber or acrylonitrile, 
excellent resistance to such cortos 
chemicals as chlorine, and very 
impact strength 

Phenol-formaldehyde, Nyl n Vin 
vinylidene Chloride Resins, Furan 
Often used as coatings for all types 
metal piping as protection against 
rosion. (See ‘New Types of Synthe 
Coatings) 


OPTICAL MOLDINGS . . . For: 
past twenty years, plastics have } 
making steady inroads into the field 
optics, replacing glass in lenses a 
reflectors. Today practically all aut 
motive stoplights, many aircraft lam 
and airport beacons have plastic op 
cal systems 

Primarily responsible for the tres 
the ability, with plastics, to reproduc 
given optical system maintarning shi 
angles and accurate control of cun 
tures 

Users report two other advants 
for plastics—-safety and greater \ 
tility in design. Plastics do not br 
during manufacturing, shipping 
use, lowering the ultimate cost o!! 
product. Military specifications 
call for plastic optical systems 
application where shell hits might 
age the equipment and expose pers 
nel to broken pieces. Molders can' 
out practically any shape in p 
including relatively deep draws 

The first plastic optical systems 
used in outdoor _ pape The 
dustry standardized on methy! 
crylate as a molding material 
because it has excellent 
properties, and does not 
under ultraviolet _ radiatic 
turned out to be a good cl 
icrvlics can be easily injecte: 
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d a plasticizer, have high 
ngth, afford no color limi 
1 retain their color through 
ormal life. 
admit that plastic optical 
have some limitations, so 
tt replace glass completely 
rtant is a temperature maxi- 
lic lenses cannot be exposed 
tures in excess of 190 F. In 
s where the design versa 
lastics has been needed, this 
wercome by inserting a piece 
ound glass between the lense 
ght source. Such a combina- 
use at Templehof airport 
ding strip lights had to sup- 
n not visible from above and 
r directional limitations. 
nics impose a second restric- 
production run must be large 
to justify the large initial die 
the expense of the plastics. 
for low quality work with a 
of detail, glass is preferred 
future, molders see plastics 
even a larger place in the 
il market. Most promising devel 
s the successful molding of 
nt and camera from 
The big advantage here is that 
lenses need no grinding 


r the 


suming 


lenses 


ARGE PLASTIC MOLDINGS ... 
fter five years of and 
1 production, the mushrooming 
asics industry is ready to produce 
moldings in unlimited quantities 
gners started hearing about these 
parts in 1948 when a plastic tele 
cabinet, weighing 35 lb, ap 
{on the market. In that year the 
industry used 10,000 such 
This year molders are turn- 
out at the rate of 160.000 per 

ind weighing up to 60 Ib 
id this expansion art 


expe riment 


two de 
s: 1) new big presses, and 
proved make 


resins. To larg 


plastic must flow rapidly to 
Presses up to 
ns and rapid-flow characteris 
rted to materials have solved 
em 
is no clear cut definition of 
lings. Generally molders con 
a part qualifies if it fits one 
riteria: weighs over eight Ib: 
has a land area in excess of 300 
if the molder has to use a 
xcess of 350 ton capac ity 


ons of the die 


most successful results have 
tained with thermosetting plas 

ularly the formaldehyde ma 
phenolics. ureas. and mela 
cs are the oldest and most 
y used material but their use 
d somewhat by a color limi 
ictically all phenolic moldings 


“ngineering 


are either black, brown, mottled, or a 
shade of red. Urea and melamine parts 
an be any color but completely trans 
parent; the latter 
good electrical propertics 


have exceptionally 

To shape these materials, the indus 
try has $10,000,000 invested in press 
equipment. This includes 
sion presses from 500 to 


compres 
2,000 tons 
capacity, and injection equipment up 
to 400 oz. 

The limitations on large moldings 
are as follows: 

* Size of run. Since parts require an 
expensive die, the cost of which may 
range from $10,000 up to $50,000, the 
production run must be large enough 
to justify the initial die cost, even 
though other savings may be 
stantial 

* Size of part. The factor limiting 
size of part is the size of press avail 
able. Present capacities impose a weight 
limit of between 50 and 70 lb, and a 
die land area of depth 
of 2 ft 

+ Specific applications. Plastic mold 
ed parts should never be used where 
they have to stand severe mechanical 
shock because the materials are some 


what brittle. And such parts should not 
} 


sub 


sq ft with a 


»e exposed to temperatures in excess of 
350 F 

* Choice of materials and 
melamines require two-three times the 
molding pressure needed by phenolics 
This imposes a more drastic size limit 
on urea and melamine parts 

On the other hand, large moldings 
have several inherent advantages that 
ire difficult to duplicate with metal 
astings ofr 
semblies: 

* Single step production is the most 
potent justification for using plastic 
moldings. Best example: the 
plastic television cabinet required only 
six production operations, compared to 
525 needed to finish the wooden cabi 
net it replaced 

* Versatility in design. New heavy, 
presses permit deep drawing; moldings 
won't warp; the technique permits 
molding-in inserts to reduce the num 
ber of assembly operations; and plastics 
retain good dimensional stability 

* Appearance. Practically any finish 
wt color is available. For special effects 
there are metallizing 
ainting processes 

* Corrosion 


Ure as 


machined or wooden as 


first 


polishing or 
resistance. The plastics 
resistant to 
most acids, greases, and solvents 

: High strength-weight ratio 

* Product appeal. Molders claim that 
the flowing lines of thermosetting plas 
tics parts will appeal to customers. In 
iddition, color is integral to these ma 


jo not corrode: they are 


terials. Colors go all the way through 
so scratches do not mar surfaces 
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SHEET PLASTIC .. . The expand 
ing use of the vacuum forming process 
for the low cost production of light 
weight structures from reé 


ranging 
frigcrator door liners to industrial duct 
important fact 
new sheet materials will be introduced 
Neither — th which has 
gained much attention in recent years, 
nor the thermoplastic materials with 
which it is concerned are new. During 
World War II, relief maps were pro 
duced from vinyl sheet by the process 
For reasons specific to the — 
vinyl rigid sheet was selected although 
plastic sheet at that time could be pro 
juced by calendaring or extrusion from 
cellulose acetate 
butyrate, ethyl cellulose, methyl metha- 
crylate, and polyethylene. The initial 
upplications of the material after World 
War II were in the fields of packaging, 
lisplay and novelties where its non 
flammability, dimensional sta- 
bility, chemical resistance, printing af 
finity, flexibility, and ease of machin 
ing were superior to existent materials 
But its cost was relatively high. It is 
produced by calendaring, a compara 
tively slow operation, and if a polish is 
Ye ; -® 


pia sners are needa 


ing forecasts onc 


pr CCSS, 


acetate, cellulose 


re lative 


required n 

Reduced material costs, however 
were presented in the late 1940's by a 
high impact styrene sheet, a copolymer 
f polystyrene and rubber, which has 
given the greatest industrial impetus to 
vacuum forming. Its impact resistance, 
izod notched, is 1.5-30.0 as compared 
to 0.4-0.7 for the vinyl, although its 
tensile strength and water absorption 
properties are not as good. But recently, 
added economy has been given to the 
use of this material by its production in 
extruded form, in widths up to 58 
and with a glossy surface im 

This will 


nches, 


parted by the sion die 


nduce th more eco 
equipment 

t mainly of an 

installation natur 

Briefly, the process entails the appli 
heat over sheet areas within 
The sheet 
s clamped on an inexpensive plaster, 
wood 


ation of 
i few inches of the surface 
aluminum, or plastic mold and 
vacuum its drawn rapidly. Cycles are as 
Applica 
tions for the process already in produc 
tion or under development—air condi 
tioner housings and grills, automotive 
parts 
housings, aircraft instrument panels. As 
the applications expand, the 


low as 15 seconds per piece 


interior panels, machine and 
materials 
ilready available may enter the field in 
cutting their cost. But 


the process has reached the stage where 


extruded form 


future developments will not only con 
ern costs but new improved formula 
tions in materials to widen their struc 
tural applications 
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CHEMICALS CAN CORRODE METALS IN 12 MONTHS OR LESS. UNPLASTICIZED P.V.C. JUST DOESN'T CORRODE. 


Nel a CL, ... IF YOU SWITCH TO 


UNPLASTICIZED P.V.C. MADE FROM FIRESTONE EXON 402-4 B:::. 


Unplasticized P.V.C. is a new material of construction that is highly resistant Fo 
to most corrosive elements. In many industrial applications, it has proven to be ar 
superior—less expensive—than customary metals. Check carefully the advantages of 
Unplasticized P.V.C. Then, for detailed information on how this new material of 

construction can help you in your business, consult Firestone Chemical Sales Division 
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mplements—Pitchers, scoops, 
tirrers fabricated from Unplasti- 
wed P.V.C. made from Exon 
)2-A are invaluable in handling 
orrosive materials. They are ex- 
remely light...easy to handle... 
ractically eliminate replacement. 


tty 
aS 


strial Pipe— Naturally, piping 
truded from Unplasticized 
V.C. made from Exon 402-A is 
siant to all types of corrosion 
is extremely light weight in 
mparison to metal...easier and 
SS expensive to handle. 


a 


ey 


‘ORRODE. 


mak Liners, Exhaust Systems, 
ilar Applications—Highly re- 
lant to corrosion, Unplasticized 
VC. made from Exon 402-A 
Weally suited for tank liners, 
haust systems and a wide variety 
other industrial applications. 
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YOUR CUSTOMERS THIS YEAR? 


OL COn. » «IF YOU SELL THEM 


UNPLASTICIZED P.V.C. MADE FROM FIRESTONE EXON 402-A 


Fume Ducts, Tank Liners, Similar 
Applications — Unplasticized 
P.V.C. made from Exon 402-A is 
ideal for fume ducts and tank 
liners. It is highly resistant to mois- 
ture, acids, oxygen, sunlight, aging 
and other corrosive elements. 


Storage Tanks-—For storage of 
corrosives, tanks fabricated from 
Unplasticized P.V.C. made from 
Exon 402-A are resistant to cor- 
rosion and weather, virtually elim- 
inating maintenance and replace- 
ment costs. 


Versatility — Unplasticized P.V.C. 
made from Exon 402-A can be 
welded, sawed, sheared, stamped, 
milled, planed, drilled, embossed, 
rolled, cemented. It is easily 
worked on conventional metal 
and wood working equipment. 


America’s leading manufacturers are becoming more 
and more corrosion conscious! And no wonder. Every 
year, corrosion costs industry millions of dollars. 


That’s why Firestone has scheduled an entire series of 
full-page advertisements now appearing in Business 
Week, U.S. News and World Report and Corrosion. 
(Elements from several of these provocative ads have 
been reproduced on these pages. ) 


These advertisements were designed with one thought 
in mind: to suggest Unplasticized P.V.C. to business- 
men as a possible solution to their corrosion prob- 
lems. Results from the first ads in this series indicate 
that they are stimulating wide interest in this new 
material of construction. 


Have you considered ways in which you can adapt 
this new material of construction to products you 
now make or could make with your present produc- 
tion facilities? 





For detailed information on Unplasticized P. V.C. applications... 
and for advice and consultation on new uses you may discover... call or write: 
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{ 
ision 


al Handbs Engineering 


CHEMICAL 


SALES DIVISION 


FIRESTONE PLASTICS CO., POTTSTOWN, PA., DEPT. HPD 


1954 Annual Handbook 








Millions of tiny glass fibers, smaller than human hair, are collected into 


7) 


ligatweight Super’Fine blankets in rolls up to 72". wide, 200’ long, 
it the Fiber’Glass Division of Libbey*Owens: Ford Glass Company. 


Glass blankets remove design 
-typeinsulation 


restrictions of old 


Product design is no longer re- 
stricted by heavy, space-con- 
suming features of old-type in 
sulation. 

Now designers streamline 
products for new efficiency, new 
compactness and, at the same 
time, slash production costs by 
using L°O-F Super-Fine, sound 
and thermal insulation. 

L-O-F Super:Fine is superior 
insulation in its resistance to heat 
flow, increases efficiency of heat- 
ing and refrigeration units. The 
same insulating efficiency is often 
obtained with less thickness of 
Super’ Fine than with many other 


materials, expanding cubic capac 


ity of units or decreasing over-all 
size. 

The insulation is extremely 
lightweight. One sq. ft. of Super: 
Fine of .75-pound density weighs 
only one ounce. And weight for 
weight, it costs no more than old 
types of insulation. 

Super Fine has excellent sound- 
absorbing properties, especially in 
the middle- to high-frequency 
range. Combined with other 
unique qualities, exclusive with 
this inorganic insulation, Super’ 
Fine is ideal for countless appli- 
cations. The fine glass fibers will 
not burn, absorb moisture, mil- 


dew or rot. 


FIBER: GLASS 


LIBBEY -OWENS-FORD GLASS COMPANY 


FIBER- GLASS DIVISION 


NEWS ABOU’ 
L-O-F 
SUPER: FINE 


L-O-F Super-Fine insulation bens 
fits many products. In automobiles 
Super’Fine is used under hood 
muffles airborne noise in the high 
frequency range. Super: Fine is als: 
used in the dash, roof, front quarter 
fire wall, trunk and package tray 
Standard Super’Fine may be used 
for temperature ranges from sub 
zero to 450 F., or higher with 
special binder 


Space-saving properties of Super 
Fine open up new design possibili 
ties for the refrigeration field. Thir 
ner-wall construction with Super 
Fine means inside cubic capacity 
units can be increased, or over 
dimensions decreased 


FREE! Send for free booklet “Po 


bilities Unlimited.” Tells how S 
Fine can profit you. Write |} 
Glass Division, Libbey-Owens 
Glass Company, 2753 Wayne I 
Toledo 3, Ohio 
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Corning 1107 2 Dow Corning 200 Fluid 1 
' Dow Corning XR-671 Resin 2 DIFFUSION PUMP FLUIDS Page PROTECTIVE COATING RESINS 
S$) icone 2 Dow Corning 702 Fluid 1 Dow Corning 802 Resin 3 
¢ A MESIVES 2 Dow Corning 703 Fluid 1 Dow Corning oe Resin 3 
A Dow Corning 804 Resin 3 
, BONDING RESINS RECEA CEANND VARIES Dow Corning 805 Resin 3 
: , Dow Corning 935 Varnish 3 . - 4 : 
~ Corning 2103 Resin 3 on Gandiien Oa Gan 3 Modified Silicone Resins 3 
Dow Corning 2104 Resin 3 Se ee 
YS Dow Corning 2105 Resin 3 Dow Corning 997 Varnish 3 RELEASE AGENTS 
¥ Dow Corning 1089 Wire Varnish 3 Dow Corning Mold Release Fluid 2 
aan 2) DAMPING MEDIA Dow Corning 1360 Wire Enamel 3 Dow Corning 35,35A & 35B Emulsions 2 
hood Dow Corning 200 Fluids 1 EXPANSIBLE RESINS 4 Saw Goumng = Grapes : 
thigh ) Dow Corning 510 Fluids 1 Dow Corning 7 Emulsion 2 
is Xa Dow Corning 11 Compound 2 HIGH TEMPERATURE BATHS Dow Corning 8 Emulsion 2 
tr Dow Corning 550 Fluid Other Release Agents for Plastics 2 
» tray DEFOAMERS = MOLDING COMPOUNDS 3 RUBBER 
e used Dow Corning Antifoam A 4 Silastic Stocks 4 
n sub Dow Corning Antifoam AF Emulsion 4 OILS, COMPOUNDS, AND GREASES Silastic Pastes 4 
with Dow Corning 200 Fluids 1 Dow Corning 550 Pluid 1 Silastic R Tape 4 
Dow Corning 710 Fluid 1 
DIELECTRICS Dow Corning 33 Grease 2 WATER REPELLENTS 
Dow Corning 200 Fluids 1 Dow Corning 41 Grease 2 Dow Corning 200 Fluids 1 
Dow Corning 4 Compound 2 Dow Corning 44 Grease 2 DeCetex Emulsions 3 
Dow Corning 5 Compound 2 Dow Corning Valve Seal A 2 Dow Corning 1109 3 
Molding Compounds 3 Dow Corning 11 Compound 2 Masonry Water Repellents 3 
Silastic 4 Dow Corning Stopcock Grease 2 To Retain High Surface Resistivity 3 
Varnishes & Bonding Resins 3 Dow Corning High Vacuum Grease 2 Dow Corning XS-1 3 
SILICONE FLUIDS DOW CORNING 510 FLUIDS are available in several viscosity 
srades ranging from 50 to 100,000 cs with freezing points of 
SOW Comes a0e UNOS Dit crystal clear, inert liquids, “94 and -76F respectively. They are also very Noe stable 
notable for thermal stability and for their remarkably flat fluids with relatively flat viscosity-temperature slopes. Uses 
sity-temperature slopes Available in a range of viscosi- include low temperature damping applications 
from 0.65 to 1,000,000 centistokes, the 0.65 cs fluid has a Write for Silicone Notes 3-300 Dt 
Super zing point of 123F, a flash point of 30F; viscosity : ; 
ossibili les above 100 cs have pour points ranging from —67F to DOW CORNING 550 FLUID, supplied at a viscosity of 100-150cs, 
1. Thir F, flash points above 575F. The higher viscosity fluids is used as a high temperature oil bath and as a heat-stable 
Super practically nonvolatile with negligible vapor pressure at lubricant at temperatures ranging from 10 to above 300F 
acit\ peratures up to 400F. As damping fluids in delicate Stability is indicated by a flash point of 575F, a volatility of 
over-a ruments, in dashpots and in heavy duty torsional vibration less than 3% after 4 hours at SOOF, and freedom from gels 
ipers, Dow Corning 200 Fluids give more uniform per- or gums after 1000 hours at SOOF. It is used as a permanent 
nance than any other liquid at temperatures ranging from lubricant, under light to moderate loads, in such devices as 
) to 400F. They are highly resistant to oxidation and to instruments and clocks. Dow Corning 550R Fluid contains a 
ir-breakdown. As lubricants, these fluids are ideal for heat-stable rust inhibitor. Write for Silicone Notes 3-301 D¢ 
er bushings and plastic gears; give long, sludge-free service 
ween certain metal combinations at temperatures from —40) DOW CORNING 710 FLUID is a heat stable, nonvolatile oil with 
S00F. As liquid dielectrics, their usefulness is indicated a viscosity of 500 cs; a freezing point of —SF, and a flash point 
+ lielectric strength ranging from 300 to 500 volts/mil; of 575F. It can be heated in air at SOOF for over 1200 hours 
. ectric constant and power factor that remain relatively without gelling; gives long service as a lubricant at temperatures 
; stant at temperatures from —20 to 200C and at frequencies from 10 to SOOF, under medium to light loads between a fer 
j 10° to 10° cycles. At temperatures up to 200C, volume rous and a nonferrous surface. It is used as a permanent lubri 
‘p\ tivity 1s about 10'* ohm-centimeters. As polishing agents, cant for instruments and timing devices, and to lubricate con 
> nonvolatile and weather resistant fluids readily wet and veyors, driers and machinery exposed to high temperatures, 
. ricate most hard surfaces; polish dry with very little high humidity or weathering. Dow Corning 710R contains a heat 
Sol! bing; reduce the adhesion of dirt. As defoamers, they are stable rust inhibitor. Dow Corning 710G contains colloidal 
_ tive at concentrations in the range of 1 to 10 ppm against graphite in suspension Write for Silicone Notes 3-302 DC 
ain monmaqueous systems As additives in paints and . 
ishes about 2 parts in 10,000 prevent floating: 0 1 to 0 2% DOW CORNING 702 and 703 diffusion pump flu 1s are stable to 
rove gloss and flow-out Write for booklet 3-201 DC air and moisture at operating temperatures of 175 to 225¢ 
t “Poss , Service life is much longer and, in the range of 1 x 10—‘mm 
war ae a water repellent treatment for glass and ceramics, 200 of Hg, pumping speeds are comparable to those of the best 
Fibs is are applied and cured to form a dry, inert film that is organic fluids. Dow Corning 703 has created vacua of less 
‘ e at SOOF. Such silicone surfaces permit complete drainage than 1 x 10-*mm; 702 Fluid produces a somewhat less fine 
ens medicinal vials; extend the blood coagulation period in vacuum; requires less power; works against higher forepressure 
ne Bidg sfusion equipment. Write for Silicone Notes 3-202 DC Write for Silicone Notes 3-400 DC 
ss ~— COW CORNING 
- f st in silicones sicongs DOW CORNING CORPORATION «+ MIDLAND, MICHIGAN 
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DOW CORNING 
SILICONES 


SILICONE AbHESIVES 


DOW CORNING 1107 
that prevents the 
rchment. Ir 


SLIPICONE 


DOW CORNING 


SILICONE ADHESIVES 


PRESSURE SENSITIVE SILICONE ADHESIVES 


with ex 


SILICONE RELEASE AGENTS 


DOW CORNING MOLD RELEASE FLUID 


i partin 


35, 35A AND 35B EMULSIONS 


iif 


*h 


A Fy 


OTHER SILICONE RELEASE AGENTS 


i 


DOW CORNING 7 COMPOUND is 


DOW CORNING 7 EMULSIO 


ha ntent 


DOW CORNING 8 EMULSION 


Efe 


DOW CORNING SILICONE PRODUC'S 


SILICONE COMPOUNDS 


DOW CORNING 4 COMPOUND 


paste which feta 


CORNING 5 COMPOUND 


i tO over 


CORNING VALVE SEAL A 


ind no true 


DOW CORNING 11 COMPOUND is 


t 1 that effectively seals 


res 

S plastic 

It will 
temperature 
plastics, 


naphtha or 


SILICONE GREASES 
Dow 


I of DOW CORNING SILICONE GREASES ar 
niy us 
ni } 1 resistant t xidation. In the - 


DOW CORNING 41 GREASE | 
f Maxi m bleed 


t 


DOW CORNING 33 GREASE : 
to 4501 Max I 


t AN S. 
DOW CORNING 44 GREASE ; 
mum bleed s marit 


1aX 


nperatures from H) ft i it resistant t 
hemicals including many alkaline and acid reagents. DOW CO! NING 
HIGH VACUUM GREASE is similar except that it has the f 
r red for hr} ing 


DOW CORNING STOPCOCK GREASE 





DOW CORNING SILICONE PRODUCTS 


SIL CONE WATER REPELLENTS 


DECE’ X EMULSIONS are a group ilicone finishes that cat ‘ 
irately or in mi ion with on t to iumpar 
water repellency and handles raneit trom a soft 
ike hand 
Dacron, { f ends of natu 
Fabrics pr rly treated ith DeCetex 
on the weig 


repeated al 


it changing the 

type of shoe upper 

treated required 313 flexes 
Maeser Dynami n Ma hine for first drop to 
h, another requir ! ntreated samples 


9 ; Pe 


SILICONE by aenem REPELLENTS FOR MASONRY are available 
Ba ( \A ornin icone ] 
tments kee] 
efflorescence, 
\ 1 pe 


DOW CORNING XS-1 is a water soluble silicone salt that converts on 
air and quickly imparts water repellency to a wide 

| soils, concrete, 

of usefulness 

accelerates water 

enance For 


were ] 


SILICONE PROTECTIVE COATING RESINS 


DOW CORDES 802, 803, 804 ond 60s rppeten Protective finishes 
with these resins withstand « nuous exposure to 
] temperatures in 
| retention, 
noisture, 
ical fumes 
space heaters, 
tand weatherin 


maximum Gardner color 

f these resins can be used 
degr 
gi Corning 802 Resin is a sk 

itively soft but highly flexible 
pte 803 air 
t mod bal mperatures to form a hard film 
flexibility Corning 804 cures rapidly to form a 
and mar-resistant filn ith good moisture resistance 


Dow Corning 805 x ts t reatest heat stability Adhesion and 


paints with almost any 


ries tack-free and 


10 DC 


irying and baking 
rotective coatings 

paint vehicles to 
istance as well as 
is intermediate 
n with | al alky. 1, 


SILICONE BONDING RESINS 


sow CORNING 2103 RESIN 


ivi 


( 


SILICONE ELECTRICAL INSULATING VARNISHES 


DOW CORNING Had a 


tent in xylene 


D 


SILICONE MOLDING COMPOUNDS 


SUCONS MOLDING COMPOUNDS a 
» make ele | parts with low 


cal and dielectric properties after | 








DOW CORNING 


SILICONES 


EXPANSIBLE SILICONE RESINS 


RIGID FOAMED STRUCTURES that are heat-stable and nonflammable 
can be made with silicone resins recently introduced by Dow 
Corning. These resins can be expanded to « ity 8 to 24 
pounds per cubic foot. Heat distortion is neglig 20 hours 
at 7OOF. Potentially useful in such applications as walls and 
thermal or electrical insulating bodies, these resins are easily foamed 
up as sandwich structures, or machined with wood 


working tools Write for Silicone Notes 10 and 01 DK 


piace, Maae 


SILICONE DEFOAMERS 


DOW CORNING ANTIFOAM A. Effective at concentrations of 1 to 

10 ppm 
adhesives is and beverages; pulp slurries and paper sizings 
polishes and waxes; paint, varnish and lacquer; rubber and 
synthetic latices; textile colors and finishes; soaps and detergents 


aqueous and nonaqueous foamers including 


Toxicological studies indicate a wide margin of safety under 


LOL! Antifoam A is dispersible in 2-ethyl 
r 

hexanol, kerosene, aromatic or chlorinated solvents 

W rite for Silicone Notes 4-400 DC 


normal conditions of use 


DOW CORNING ANTIFOAM AF EMULSION is proving to be effec 
tive in most applications where the usefulness of Dow Corning 
Antifoam A has been established, but where use of a solvent dis- 
persion is not desirable. It is easily diluted with water, rapidly 
lispersible, and effective against a wide variety of foamers in 


the food and process industries. Write for Silicone Notes 4-500 DC 


SILASTIC,* the Dow Corning Silicone Rubber 


Silastic was the first rubberlike silicone product ever produced in 
commercial quantities. Since its introduction, the technological 
levelopment of these semi-inorganic rubbers has been very rapid, 
and most of the major improvements have been introduced by our 
Silastic research and development groups 

Such rapid development has been due in large measure to a policy 
of working closely with industrial and military project engineers 
and with rubber technologists to solve specific problems involving 
rubbery properties. This has given us years of experience in 
compounding Silastic stocks and pastes to withstand some of the 
most severe operating conditions ever imposed on _ rubberlike 
materials. Over 70 Silastic stocks and pastes are now produced in 
the largest and most modern silicone rubber plant in the world, 
and new stocks are constantly being developed. 


SILASTIC 50 AND SILASTIC 80 are general purpose stocks that can 
be blended and easily fabricated into parts having any durometer 
hardness between 50 and 80. Tensile strength is in the range of 
00 psi; elongation in the order of 200 Molded samples 
increased only 6 to 10 points in hardness and lost only 3 to 10% 
tensile strength after, 1000 hours at 392F 


Volume change after 
7) hours immersion in water at 212F is only Dielectric 
strength is 550 volts mil; at 10° cycles, dielectric constant is 3.07, 
power factor 0.002 


] 


EXTREME TEMPERATURE SILASTIC, with tensile strength in the range 


of 600 psi and elongation of about 300%, gives longer service 


‘rw 


first in 


silic ones 


DOW CORNING SILICONE PRODUC § 


over a wider temperature span than any other rubberlike m 
No visible change or significant loss of physical or di 
erties have been reported after 5 years of weatherin; 
rida test station. Gehman flex measurements show a t\ 
13.5 degrees at —130F compared with 5 degrees for other s 
rubber samples at —-76F and 5 degrees for an AMS-3205 
rubber at 3s 1k 


LOW COMPRESSION SET SILASTIC shows maximum resista 
permanent deformation under load at high temperatures. At 
compression set is from 10 to 20° compared with 45 to 85 


organic rubber. At 400F compression set is from 40 to 55 


SILASTIC PASTES are solvent-free materials available in consi 
uitable for spreading, knife coating, calendering or calking 
form durably resilient solids and coatings with har 

30 to 95. Physical and dielectric propert 

comparable to those of cured Silastic stocks. Applications 
illing of electrical coils, calking terminal outlets; a 

f fabrics used to make duct connectors, electrical ins 
gaskets and diaphragms resistant to heat and to a var 
oils and chemicals. These pastes are also available in s 
lispersions for dip coating Write for Silastic Facts 9-1 


SILASTIC AS A DIELECTRIC. Silastic is unique among el 

insulating materials because it has high thermal condu 
resistancé to corona and good physical and die 
s that remain relatively constant over a wide rar 
ures and frequencies as shown by the following 
on cured samples of Silastic 50 


at 25C 
Dielectric Constant 10° cycles 3.07 
10° cycles 3.09 
Power Factor 10° cycles 0.0069 
10° cycles 0.0055 ( 


insulated with Silastic 80 has a dielectric strength « 
volts mil at SOC and 430 volts mil at 250€ After more 
200 days of immersion in water at 70C, the insulation resista 
ated with Silastic 81 was 5000 megohms compared w 
value of 10,000 megohms per 1000 feet, capacitan 
14 compared with 0.00346 microfarads, percent dissi; 
was 0.10 compared with an initial 0.43. Under 
test conditions, Silastic insulated cable, wrapped ar 
own diameter, withstood 10,000 hours compared with le 
30 minutes for organic rubber insulated cable. 


SILASTIC R TAPE. Semi-vulcanized Silastic R Tape is used as ar 
wrapping for field coils, armature and transformer coils or sole 
operating at temperatures from 70 to SOOF. Vulcanizat 
Silastic R Tape is completed by heating for a short time t 
a resilient, void free, moisture proof and oil resistant jacket 
excellent dielectric properties and high thermal conductivit 
Write for Silicone Notes 10-5 


SILASTIC PARTS, fabricated by molding, extruding, sheeti 
calendering, are produced by many of the most able rubber 
panies. Typical products include heat and oil resistant ¢ 
seals and diaphragms, mechanical parts, laminates, sponged § 
parts, Silastic lead wire and cable, spark plug boots, and ele 
insulating tapes. Write for list of Silastic Fabr 


Your request by code for more information on the products briefly described in this Reference Guide will 
you the most recent and comprehensive data available on that product. For information on other 


Corning Silicone Products or for technical assistance, we invite you to call our nearest branch office or w 
Dow Corning Corporation, Midland, Michigan. 


DOW CORNING 
CORPORATION 


Midland, Michigan 


ATLANTA CHICAGO 1 


CANADA: Fiberglas Canada Ltd., 50 St. Clair Ave., W., Toronto, Ontario 
ENGLAND: Midland Silicones Ltd., 19 Upper Brook St., London, W. 1 
FRANCE: St. Gobain, Chauny et Cirey, 1 bis, Place des Saussaies, Paiis (8°) 


Foreign Distributors: 


PRINTED IN U.S.A. 


CLEVELAND 13 
1343 Spring St., H.W. 228M. LaSalle St. 2215 Terminal Tower 2722 Taylor St. 1900 E. Jefferson Ave. 1514 S. Hope St. 


DALLAS 1 DETROIT 7 LOS ANGELES 15 NEW YORK 20 ¥ 


600 Fifth Avease 


Dow Corning Silicones are « 
through distributors in Austr 
Denmark, Germany, Holland, 
Norway, Sweden and Switzer 


FORM NO. 1-104 IIf 
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when design changes involve RUBBER 
SS 


a“ 


a 


Here’s the quick story back of the above 
views. Shown at right is a cut-away view 
of a multiple-cavity mold. Shown at left 
is a cross-section drawing of a rubber part 
with molded-in metal insert. A lot of prob- 
lems were involved in designing the mold 
to produce the part. But there were other 
problems too. Selecting and compounding 
the right rubber for the purpose. Bonding 
the metal insert to the rubber. Employing 
the most efficient production techniques to 





_ 
OHIO RUBBER” 


meet customer's specifications and save 


him money. 


We cite that example as one of almost 
countless rubber parts we have produced 
in our 60 


years of specialization in the field of rub- 


for American manufacturer: 


ber. Here is a wealth of experience avail- 
able to you in a single, reliable source. 
That's why we say “When Design Changes 
CALL OHIO RUBBER”. 


Involve Rubber 


THE OHIO RUBBER COMPANY 
A Division of The Eagle-Picher Company 


118 BEN HUR AVE. « 


We are interested in knowing more about your facilities and services in 


WILLOUGHBY, OHIO 


connection with our specific problems in rubber. Please have your 


engineer in our area see us cs soon as possible 


MY NAME ___ en 


For quick action, ‘phone us at COMPANY 


WILLOUGHBY (OHIO) 2-0500 
Or use the convenient form at 
the right. 

CITY 


STREET __ — 
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More developments using 


B. F. Goodrich Chemical -- =»: 


1) Geon polyblend helps carton act like a drum! 
r 
2) Rigid Geon vinyl parts resist « 
3) Geon-based plastisol coating mn tote basket resists 


hioret! l de-greasing bath 


IDEAS FOR PRODUCT ENGINEERS ! 


HESE three product successes show hou The rigid Geon parts as ) B. F. Goodrich Chemical (¢ 

how versatile Geon materials car ro resistant—cost 66 r | Rose Bull ling, Cleveland 
solve a broad range of problems. And an the re { metal parts' able address: Goodchemc« 
cut costs too! ’ 1 tore | ada: Kitchener, Ontari 


The Geon vinyl plastic liner makes ised le-greasing jet engine FREE! Fact-packed book on plastic 
possible to use fiberboard instead of blades in a corrosive trichlor- , men ‘ { 

I . Fr and rubber materials. | 2 pag: 
metal containers for packaging lard, ethviene bath. Formerly, the zinc coat- ful information. descriptions 
ous, pharmaceuticals and other prod- ing on the basket came off, dulling the , Helpful. aut 

‘ be yee au sat 


ucts. Because of Geon, the liner resists steel alloy blades. To get a corrosion Cond fos 


V« 


{ 


oils prease and many chemicals It 1S resistant Coating, a plastisol Dased on 


aDrasion-resistant odor-proot easily Geon paste resin was deve loped. It 
sealed and flexible at high and low works pertectly —adheres ughtly — pre 
temperatures vents the solvent from creeping under 

The leat-type, acid filter pictured Perhaps a Geon material can hely 


has essential parts made of a rv u solve a product problem improve 


] ] 
vinyl plastic. These parts replace ex r develop more saleable products 
, 


pensive alloys which would b aten ll h uu select the one best 


y cofrosion, some in a matter of Lit o your needs. Write Dept. GP 


GEON RESINS « GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleab 
GEON polyviny! materials ¢« HYCAR American rubber «© GOOD-RITE chemicals and plasticizers e« HARMON co 
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How BAKELITE plastics 


TRADE-MARK 


build better products 


this NEW BOOKLET gives you the facts 


k into BakeLire’s family of plastics right now tor 
ow product ideas. You'll find materials engineered 

scores of uses — materials that provice prope rties 

the right combinations for hundreds of jobs 

Send tor a copy of this new S pace booklet. It ce 
bes the broadest line of plastic s and resins available 
m one source. Illustrations show how these mate 
S are being Us dl successtully in scores of new and 
ied jobs 

Phen call in your nearest Bakelite Company rep 
entative. He can peint out the best plastic for youn 
ds—tell how it should be used—give expert guid 
e and technical assistance at every important step 


Ibligation. of course. Mail the coupon today ! 


HERE ARE THE 
BAKELITE PLASTICS AND 
RESINS DESCRIBED 

IN THIS NEW BOOKLET: 





MOLDING AND EXTRUSION MATERIALS 


ds * Styrene Plastics * Poly- 





WIRE AND CABLE COVERING 
Polyethylene Wire Covering * Vinyl Wire and Cable 
Insulation 

BONDING RESINS 
Phenolic bonding resins for abrasives, frictional 
elements, and sand shell molds for foundry castings. 

PROTECTIVE COATING RESINS 
Phenolic, Styrene, and Vinyl Resins for Metal and 
Concrete Coatings * Vinyl! Resin Coatings for Paper, 
Foil, Cloth * Vinyl Dispersion Resins * Polyethylene 
Resin Coatings 

LAMINATING PLASTICS 
Phenolic, Polyester and Epoxy Resins for plastic 
laminates 


RIGID SHEETS 
Vinyl! Plastic Rigid Sheets * Vinyl Plastic Rigid Sheets 
for Signs 
FLEXIBLE FILM AND SHEETING 
Vinyl Film and Sheeting * Vinyl! Plastic Cast Film 
CALENDERING MATERIALS 
Vinyl Calendering Resins 


tre Company, Dept. SH-69 


eable 
MON co 
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PLASTICS AND RESINS 


/B\ 
rract LOO) wank 





A Division of 
Union Carbide and Carbon 
Corporation 


30 E. 42nd Street, New York 17, N.Y. 
In Canada 
Bokelite Company (Canada) Ltd 
Belleville, Ont 
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Where to use [ uster-on 


CHROMATE TYPE 
CONVERSION COATINGS 





PUTILITY-15 or UTILITY-25 


for U. S. Government Specifications, such as: 


ARMY 72-53 \ 

ARMY 57-0-2c = po 
ARMY 1374, etc. or zinc or cadmium 
AN P32a, etc. 

QQ-416 for cadmium 


LUSTER-ON UTILITY-15, -25, -25 AB, -K for 


Decorative or Protective Finishes, Clear, Iridescent or 
Colored, on Zinc Plate or Zinc-base Die Castings; Ordnance 
Finishing on Zinc and Cadmium plated parts. 


* LUSTER-ON Cd Special for 


Brilliant Finish or Exceptional Protection on Cadmium 


*. ; 

' LUSTER-ON KHAKI DRAB for 
Over 300 hour salt spray before white powder corrosion on 
Zinc Plate, Zinc-base Die Castings, Cadmium Plate; Colored 
Finishes to match other parts, with common acid dyes. 


New LUSTER-ON COBRA for 
Passivating and Permanently Brightening Copper, Brass 
and Bronze. Prevents Staining and Tarnishing. Over 100 
hours Salt Spray before breakdown of Treated Brass Parts. 


New ZINCROME © PROCESS for 


Adapting Luster-on Chromate Film for Chrome Plating to 
give Hardness, High Protection, High Lustre, High En- 
durance. 


LUSTER-ON METAL PROTECTIVE DIP #10 or 760 for 


Golden Protective Finishes on Brass, Copper, Zinc, Cadmium, 


Magnesium 


= - , 
Luster on Finishes, used by many of the country’s 


largest metal finishers, have established themselves over 
nine years as a dependable, low-cost treatment for thousands 
of metal items. Complete data sheets and technical service 
are available without cost or obligation. 


seND SAMPLE ae 0 Llomical 
ROCESSIN 
FOR FREE P CATIONS CORPORATION 


I 
TO yOuUR SPEC 69 Waltham Ave., Springfield 9, Mass. 
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You can get 
this year’s 
HANDBOOK... 


if you aren't a Product 
Engineering subscriber, 
by subscribing now to the 
leading product - design 


engineering magazine. 


Twelve 
informative 
issues... 


of Product Engineering 
per year will enable you 
to keep abreast of every- 
thing new in your field. 
Every month, this publi- 
cation delivers the au- 
thoritative editorial cov- 
erage which makes it the 
design - engineer's pre- 
ferred magazine — by 
making it more helpful 


and profitable to read. 


A new 
HANDBOOK 
every year... 


comes to you as an extra 
supplement to your regu- 
lar subscription, at no ad- 


ditional charge! 


Use the 
subscription 
cards... 


following pages B32 and 
H32 to start benefiting 
immediately from the fin- 
est available editorial 
service to you: Product 
Engineering and the an- 


nual HANDBOOK. 
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Want to make something of them? 


Taylor Vulcanized Fibre and Laminated Plastics 





Then check through the following list for an idea of the wide 
variety of properties that are available in Taylor materials 
If one of them can fit into your product, write or cal! us. Our 
engineers will be glad to work with you in selecting the right 
material for your specific application. 


TAYLOR VULCANIZED FIBRE 


A tough, homogeneous material possessing great 
mechanical strength and high dielectric strength. 
It is low in thermal conductivity, unaffected by 
most solvents and has extremely high resistance 
to wear and abrasion. It is easy and economical 
to machine, punch and form .. . is light in weight 
(about one-half the weight of aluminum 


Grades: Commercial, Bone, Trunk and Case Fibre, 
Super White, Backer for Drum Sander Abrasive, 
Abrasive Disc Backing, Flexible Fibre and Built-up 
Fibre 


Colors: Red, Black, Gray and a full range of trunk 
colors 


TAYLOR INSULATION 


A form of vulcanized fibre which is primarily in- 
tended for electrical applications and others in- 
volving difficult bending or forming operations. 
Taylor Insulation has superior dielectric qualities 
as well as exceptional tearing and bursting strength 

is made in sheets and rolls. Ribbon rolls are 
available for use in automatic machines. 


TAYLOR PHENOL LAMINATES 


Insulating materials, with low water absorption 
qualities, having high dielectric strength and great 
mechanical strength. Phenol laminates are un- 
affected by normal ranges of heat and cold. They 
will not warp when subjected to alternating wet 
and dry conditions and are resistant to oils and 
most chemicals. They are especially well suited to 
precision machining to close tolerances. Available 
in sheets, tubes, rods and molded-laminated shapes 
Type fillers: paper; cotton fabric or mat; asbestos 
paper, fabric or mat; glass fabric; Nylon fabri 






write today for your « 


log. It contains a complete description 
of au Tt ” nate? tiong with 
valuable esign and achining data 
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TAYLOR SILICONE LAMINATES 


For special applications, woven glass fabric is im- 
pregnated with a silicone resin to provide a variety 
of materials that combine high heat resistance with 
excellent electrical and mechanical properties. 
Taylor Silicone Laminates have a low loss factor, 
can withstand temperatures to 500° F., and have 
excellent resistance to many acids 


TAYLOR MELAMINE LAMINATES 


These laminates have excellent electrical proper 
ties and great mechanical strength. They have 
good arc, flame and heat resistance as well as 
superior resistance to most common solvents and 
moderate concentrations of alkalies. Available in 
sheets, rods and tubes. 


TAYLOR FABRICATING SERVICE 


The Taylor Fabricated Parts Division is com 
pletely equipped to handle any type of fabricating 
operation on Taylor Vulcanized Fibre and Lami 
nated Plastics. Parts can be fabricated to your 
specifications. Delivery is prompt and prices are 
right 


TAYLOR ENGINEERING SERVICE 


Assists in design and the optimum utilization of 
characteristics inherent in Taylor Laminated Plas 
tics and Vulcanized Fibre 


lavlor Fibre Co., Norristown, Pennsylvania - 
La Verne, California. 


Branch offices in Asheville, Boston, Chicago, Cleve 
land, Dayton, Indianapolis, Los Angeles, Mil 
waukee, New York City, Philadelphia, Pittsburgh, 
Rochester, St. Louis and Tolland, 
Connecticut. Distributors in Grand 
Prairie and Houston, Texas; Neu 


(rieans and Los A ngetes 


TAYLOR 


Laminated Plastics 
Vulcanized Fibre 
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NYLON STA HEEL is molded in 
one piece ... simplifies design .. . saves 
manufacturing steps. 





NYLO?D RAT that control 
counter wheels are lightweight...combat 
inertia...guarantee accurate operation. 


rmmis 





YLON AFT LOCK 1s molded to 
... finishing operations 


are minimized or eliminated. 


close tolerances 





need no lubrica- 
tion after installation...operate quietly 
give long, dependable service, 





NYLON KNOI are smooth, tough... 
pleasant to the touch keep their 


newly finished appearance 
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9. 


NYLON ASSEMBLY has 
bearing characteristics 


of friction. 


NYLON WHEEL 
mensionally 
for assembly 


stable 
identification 


wT; ; : 
‘it ‘ 
tually unbreakable 


rit 
cuts weight 


positive action in dispensing colns. 








& “s 
iss Us gait 
YYLON SCREWS are 

have “‘self-locking’’ properties . . 
settings over long periods 


NYLON CAM (resists wear 
strong, will not chip or crack .. . 
no lubrication 


excellent 
..- low coefficient 


is strong, tough, 
may be 


restiten 


Pe ‘ia ek RS ati 3 









34 


dyed 


18 VIT- 


gives 


_ 4 


; 
f 


. hold 


ok. 
ae ue —— CU 


is NYLON GED 


i vi 
needs in thin sections 
sion 
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paris 


in this 





VA CAMS are 


unaffected by corro- 


strong 


cut manufact uring costs 
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of Du Pont nylon plastic 
new fare collector 





The Grant Electrofarer is a completely 
automatic fare-collection device . 


*“-* 


gives drivers an audible count and 
visible check of coin deposits. It can 
receive a single- or multiple-coin fare 


deposited in any combination of up to 
five coins and tokens, record the 
amount, then separate and drop each 
coin into its change carrier. It elimi- 
nates all driver fare handling except 
making change . . . contributes to 
safer, faster service. 

The device incorporates 54 different 
parts of Du Pont nylon plastic. These 
parts (a few are illustrated) show 
how the engineering properties of 
Du Pont nylon can contribute to 
better product performance, often at 
less cost. 

The parts were molded from Du Pont 
nylon by The Danielson Mfg. Co., 
Danielson, Conn., for Grant Money 
Meters Co., Providence, R. I. 








Du Pont nylon parts can be 
economically mass-produced 
by injection molding .. . are 
light in weight ... give better 


performance. Nylon molding bes. ae aed 
powders are available in anum BETTER THINGS FOR BETTER LIVING 
ber of compositions, each with - +» THROUGH CHEMISTRY 


different properties, for me . 
chanical, electrical and other Polychemi | 
uses. For information, write ca Ss 
E. I. du Pont de Nemours DEPARTMENT 


° S ’ . > oa . ~¢ . 
can operate continu- & Co. (Inc.), Polychemicals 





NYLON GEARS 


ously to 250°F are readily molded Dept., Room 10-H, Du Pont PLASTICS © CHEMICALS 


in one operation cut costs. 


Bidg., Wilmington, Delaware. 
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oO. Roth Makes 
Rubber Resist 
500° F. 


Temperature 


The illustration at the left shows 
the heat-resistant seal used in 
coupling the metallic hose that 
carries live steam from car to car 
of America’s passenger trains 
Fabricated by Roth engineers to 
the exacting specifications of 

the Vapor Heating Corporation, 
more than 500,000 of these 
heat-resistant rubber seals are 
now in service. Since 1923, 
Roth has successfully served 
Vapor Heating Corporation’s 


exacting requirements 





for molded rubber parts 









FULLFILL 
CONTRACTS 
FASTER 


el 
| GET THIS INFORMATIVE 
MANUAL Now—!ree! 


ROTH RESEARCH BRINGS 
RESULTS WITH RUBBER! 





eee eeeeeeere 


Mail coupon and learn how Roth 


research and Roth facilities can help you 





in developing bids, improving present 
eeeeeeeeeeeeee - 
products; or by creating a special formula, 





cut costs, boost output, and 


simplify production 





Ceeeeeeseeeeee — _ ee - 
Y ~ 


ROTH RUBBER GomPaNY ) 


18s: §,. 54th Avenue 
Chicago 50 
Custom Manufacturers of 


industrial Rubber Products Company 
since 1923 


, 


7 
j 
Z 


City... - Zone State 
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Insuring Your 


PROGRESS 
THROUGH 
RESEARCH 


With industry finding it wise 
and profitable to invest much 
more every year in new product 
development and research, this 
recent Product Engineering report, 
“Insuring Your Progress Through 
Research,” takes on particular 
timeliness and value 

Eight sections make up the re- 
port, with each section prepared 
by men who are experts in their 
fields. The important aspects of 
establishing and conducting an 
effective research program are 
covered in considerable detail. 
Subjects discussed 


e Organizing for Industrial Re- 
search 


e Obtaining and Keeping Re- 
search Personnel 


e Policy Matters in Laboratory 
Design 


e Choosing and Evaluating Re- 
search Budgets 


e Patent Licensing Policy and 
Procedures 


e Independent Research Facili- 
ties 

e Government Research Data 

Thirty pages 50 cents a copy 


Wr:te: 


Reader Service Dept. 


Product 
Engineering 


McGraw-Hill Building 
New York 36, N. Y. 
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This is Mita 


You'll find many ways it will improve 
your product, reduce its cost! 


can ‘be USED 
. like doth 
Ss Saaiae ed eels 
... in place of cork 
and for jobs where no other material will do! 


STRETCHABLE, PLIABLE, FORMABLE 


Formed oe 


Coated ax | 05 Saturated 


Sewn, taped an $. <7 Serie 
and imprinted Sai Die-Cut 


Gitomer ar 
cemented 


Indented or <« 
Embossed 
























| There are 3 Kinds of X-CREPE | 


@ USED when resin-impregnated as 
core stock in laminated plastics. “in 
Won't crack or split when later be 
formed into compound curves. 
USED as edge binding to replace 
felts and fabrics. 

USED as “plumper” or backing 
material for leather and films. 


.. AND SCORES OF OTHER APPLICATIONS! 


Basic X-CREPE (like this sheet). 
Versatile, low-cost. Replaces, often 
outperforms expensive materials 
like cloth, rubber, cork. Provides 
desirable bulk without excessive 
weight. 











TT 


USED as a go-between for metal- 
to-metal, fabric-to-metal, fabric-to- 
wood, and padding-to-fabric con- 
struction details. 

USED to replace coated fabrics. 


... AND DOZENS OF OTHER APPLICATIONS! 











X-CREPE laminated to itself or to 
cloths, fibers, films or foils to make 
it extra strong, impermeable, mois- 
ture and water-resistant, strong 
when wet. 















Any grade of X-CREPE can be em- Cc ui § +4 ' © ] id 


bossed with thousands of shock-ab- @ USED ugh sg egg carga 
sorbing, bulk-imparting “dimples” protect tiem against shock’ o 
to produce cushion effect. X- pith ey nandiingrreduce 
; size of carton. 

CREPE’s unique stretchability and 5 P ‘ 

cs , ‘ USED as an insulation wrap. 
formability make possible this un- 
neal atmbuile ... AND MANY OTHER APPLICATIONS! 


@ We make hundreds of grades of X-CREPE. The sheet you see 
here is just one type. Each grade has distinctly different character- 
: istics. The CINDUS DESIGN ENGINEER’S PORTFOLIO is your 
Write today for your personal reference file containing samples of representative grades 


fF ' : and complete information. Special grades can be tailored to fit 
ree Uindus Design your needs. 


Engineer's 


P ortf o| 10 «Your personal reference file with representative samples and complete information. 


Ceind s) CINCINNATI INDUSTRIES INC. 
300 Carthage Avenue 


Cincinnati 15, (Lockiand) Ohio 


®X-CREPE is the trademark of Cincinnati Industries Inc. 
for its double-creped products. 












lystyrenes 


New Uses for Koppers Polystyrene constantly 
are being developed. Almost daily, a new appli- 
cation is originated, tested and found satisfactory. 
The multitude of desirable qualities in Koppers 
Polystyrene make it the choice of many de- 
signers. “Bonus” advantages have dictated the 
selection of Koppers Polystyrene for a wide vari- 
ety of products 

Light weight, ease of moldability, surface fin- 
ish, chemical resistance, dielectric strength, opa- 
city or transparency, resistance to shock and 
heat, low cost—these are some of the important 
characteristics of Koppers Polystyrene that have 
determined its selection for such applications as 
the following: 





Aircraft and Communications Batteries 
Photographic Equipment e Electronics Components 
Television Components 
Refrigeration and Air Conditioning Equipment 
(parts and accessories) 

Medical Supplies 
(hypodermics, blood transfusion apparatus, etc.) 
Packaging « Housewares 
Wall Tile « Toys 
Lighting Fixtures « Indoor Displays 


OUTSTANDING ADVANTAGES OF KOPPERS POLYSTYRE 


1. EXCELLENT ELECTRICAL PROPERTIES—highest in di- 
electric strength, lowest dielectric constant, lowest 
power factor of all rigid thermoplastics 

2. HEAT DISTORTION TEMPERATURE—Typical range 
180°-201°F. 

3. CHEMICAL RESISTANCE—resists all concentrations of 
most acids and alkalis. 

4. LOW WATER ABSORPTION—practically none in 24 
hours. 

5. FAST MOLDING CYCLE—more pieces per hour, fewer 
rejects, less scrap. 

6. UNLIMITED COLORS — Koppers Polystyrenes are 
made in crystal-clear transparent or in any desired 
color. Color-matching equipment of the latest design 
assures accurate matching of colors. 

7. RELIABLE UNIFORMITY—a unique production proc- 
ess enables Koppers to make polystyrene with un- 
equalled uniformity. Strict control over all raw mate- 
rials and processes is maintained in all plants 

8. LIGHT WEIGHT-— specific gravity range 1.04-1.06 
means more pieces per pound. 

9. HIGH SHOCK RESISTANCE—K oppers Modified Poly- 
styrenes are characterized by increased toughness, 
high shock resistance and high heat distortion tem 
peratures. A number of modified polystyrenes com 
bine these properties in varying degrees with smooth 
finish and the other desirable characteristics of poly 
styrene. 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


KOPPERS 
WwW 


KOPPERS COMPANY, INC., Chemical Division, Dept. PE-113, PITTSBURGH 19, PENNSYLVANIA 
SALES OFFICES: NEW YORK + BOSTON + PHILADELPHIA + CHICAGO + DETROIT + LOS ANGELES 
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Here is the 


PAREN Li 





metal surface treatments 


that aid production, 


improve product quality, 


enhance appearance 


and durability. 


ie BON DERITE 


corrosion resistant paint base 


This well-known product is used to prepare metal 


for fine baked paint finishes on thousands of 


products. Automobiles, trucks, refrigerators, do- 
mestic appliances of all kinds, control boxes, 
metal furniture, office partitions, transformers, 
and toys are a few of the types of products on 
which Bonderite is used. 

Applied by either spray or immersion, Bonder- 
ite creates a nonmetallic phosphate coating over 
the entire surface. This coating is integral with 
the metal surface, forming an effective barrier 
against the penetration of moisture, and furnish- 
ing an excellent base for paint. 

Bonderite produces dependable results of uni- 
formly high quality, is easily controlled and 
economical in operation. It may be used to treat 
steel, aluminum, zinc, and cadmium. 

Bonderite adds durability and appearance 
protection to painted metal by combating cor- 
rosion and anchoring the paint securely. 


a Uo PARC O COMPOUND 


rust resistant 


his is the standard corrosion protection for iron 
and steel. 


Iron and steel parts to be treated are immersed 
in Parco Compound solution, which creates a 
nonmetallic crystalline phosphate coating over 
all the surfaces of the metal. Complex shapes of 
all sizes from steel boat plates down to nuts, 
bolts and screws are treated with Parco Com- 
pound. Treatment is simple, controls are easily 
maintained, and cost is extremely low. 


ia pOneent Ts and 


BONDERLUBE 


aids in cold forming of metals 


These two Parker products are a big factor in 
accomplishing the present revolution in cold 
forming techniques. Nonmetallic Bonderite, used 
in tube mills for many years to hold lubricant, 
protect dies from excessive wear, and allow greater 
reductions—combines with the amazingly effec- 
tive Bonderlubes to transform problem draws 
and extrusions into production routine. 

The combination of Bonderite and Bonderlube 
is used extensively in the manufacture of shells 
and cartridge cases, shafts, gears and pins, making 
important savings in time, money, and material. 
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applied by centrifuge, with excellent color and 
appearance and especially good resistance to 
corrosion. Excellent for parts that will be called 
on to withstand severe exposure and maintain 
good appearance. 


{= ENDURION 


4G PARCO LUBRITE 
\ 


= wear resistant for friction surfaces 

The nonmetallic phosphate coating created by 
this Parker Product reduces wear on friction 
parts and bearing surfaces. It is used on gears, 
pistons, piston rings, shafts, valves, pinions, 


cylinder linings, cams and other automotive and 
. a 





machine components. 

Parts are treated by immersion in Parco Lubrite 
solution. The coating produced by this treatment 
prevents metal-to-metal contact, holds lubricants, 
reduces danger of galling and scratching, pro- 
longs service life by protecting mating parts 
during the critical break-in period. 


fa PARCOLACS 


7 special finishes 


Parcolacs are a group of special finishes to be used 
over Parco Compound. They include wax base 
finishes, stains, and rust preventive oils suitable 
for application by dip, spray, or centrifuge. There 
are types to meet slow or fast drying require- 
ments, and other desired specifications. Parcolacs 
add to the appearance and performance qualities 
of the articles treated. 


NEW! PARCOLAC BLACK AND 
PARCOLAC ALUMINUM 


Two new Parcolac finishes can now be used over 
Parco Compound to enhance appearance and add 
greater corrosion resistance. Parcolac black and 
Parcolac aluminum are phenolic type finishes, 


corrosion resistant treatment in gray 
and olive drab 


Two distinctive immersion treatments designed to 
react chemically with Parco Compound coatings 
to produce superior corrosion resistance. Easily 
controlled, simple to operate, Endurion produces 
uniform coatings which do not materially change 
the dimensions of the parts being treated. Very 
little additional equipment is required. 

Endurion treatments are recommended where 
increased corrosion resistance is specified or 
where the chemically produced permanent colors 
are required, 


— 


JES PARCO CLEANERS 


— metal cleaners and conditioners 

This line of scientifically formulated metal clean- 
ers includes alkali, acid, and emulsion type 
cleaners. They not only remove grease and soil 
from the metal, but condition it for the next step 
in finishing. The line is complete, and includes 
one that can meet your production cleaning 
requirements, 


*Bonderite, Bonderlube, Parco, 


Parco Lubrite—Reg. U.S. Pat. Off. 


PARKER 


RUST PROOF COMPANY 


2159 E. MILWAUKEE AVENUE 


DETROIT 11, MICHIGAN 


PARKER RUST PROOF COMPANY 
2159 E. Milwaukee, Detroit 11, Mich. 


Please send me information on the products | have listed below: 


PARKER PRODUCTS 
MEET GOVERNMENT 
SPECIFICATIONS 


Complete list of Parker Products 
which meet government specifi- 
cations available. Write 
for your copy! 
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la 
ELECTRONIC ANALOG 


COMPUTORS 
PRECISION-CUT FIBERS eee 


2. Gives aid on the design and application of 
electronic computors of the d-c analog 
type, includ.ng repetitive compvtors, u ed as 
differential analyzers and equation solvers 
. Provides a proved method for setting up prob- 
’ lems on an electronic analog computor, as 

n us ry 4 os ersa € well as methods and techniques for designing 
installing, and operating computors By 

Granino A. Korn, Staff Engr., Lockheed Air 


craft Corp., and Theresa M. Korn, formerly 
ro uct Ergr., Boe.ng Aircraft Co. 378 pp., 70 illus 
$7.00 








AUTOMATIC ae 
FLOCK FEEDBACK CONTROL 


, a Gives information needed for the de- 
ign and selection of automatic feed- 
back control systems. Covers operation of con- 
trols and problems encountered in industry 
Shows functional and constructional require- 
ments of instruments. Covers .ervomechan 
isms, pneumatically operated 
controls, temperature regula- 
tion, speed governing, pres- 
sure flow, and liquid level. 
RUBBER By William H. Ahrendt, 
Pres. Ahrendt Instrument 
Co., and John F. Taplin, Con- 
sulting Eng., Kendall Con- 
LEATHER trols Corp, 420 pages, 378 il- 
lus., $7.50 


r 








GRAPHIC AIDS in 
ENGINEERING 
COMPUTATION 


3 Covers graphical and mechanicai meth- 

* ods of computation. Treats the standard 
slide rules—the derivation of empirical equa 
tions from eng neering data—the construc 
tion of nomographs by geometric method: 
and with determinants—the construction of 
special slide rules—and movable scale charts 
Includes recent developments in nomography 
By Randolph P. Hoelscher, Head. Dept. of 
Gen, Engin. Drawing, U. of Ill, Joseph N 
Arnold, Assoc. Prof. of Gen. Engin., Purdue 
U., and Stanley H. Pierce, Asst. Dean, Coll 
of Engin., U. of Dll. 197 pages, 115 illus 
$4.50 








FLORAL io 
NOMOGRAPHIC CHARTS 


4. 4 collection of 92 timesav ng charts 

for simplifying and speeding up engi- 

neering computations. The charts apply to 

The unending variety of uses for Cellusuede Flock mathematics and general engineering, the 
s : : ae : ‘ . fields of hydraulics, mechanics, and thermo- 
stirs the imagination of industry 8 most progressive dynamics, and electri- 


minds. Cellusuede adds COLOR APPEAL in packag- eal problems. They are 
. » . " accurate in the range 
ing, paper, and many other fields... gives an in- between slide - rule 


triguing RICH TEXTURE to fabrics and teys... computations and ex- 

cf act numerical compu- 
tations, and each is 
tical material, everywhere from architecture to followed by an ex- 


aircraft...DAMPENS VIBRATION in radio grills | BF Atvert Kelman, 246 
and phonograph turntables . . . INCREASES: pp., $7.00 
STRENGTH when used as a filler in plastics and ; J 
rubber ... thousands of uses, and every day de- 

10-DAY FREE TRIAL 


signers, engineers, research and production men are 
™ = * s . see See eee eee ees 
finding more applications for Cellusuede Flock. 


SILENCES unwanted noises when used as an acous- 














McGraw-Hill Book Co.—330 W. 42 St., NYC 36 


Send me book(s) checked below for 10 days’ exam 
ination on approval. In 10 days I will remit for 
bookis) I keep, plus few cents delivery, and return 
unwanied book(s) postpaid (We pay delivery if 
you remit with this coupon—same return privilege 


ENGINEERING SERVICE 


Call on Cellusuede engineers and research men, 
without obligation, for data on how Cellusuede 
Flock may be applied to your job. WRITE FOR NEW 
BULLETIN illustrating profitable uses and applica- 
tion methods. 


0 1. Korn & Korn—Electronic Analog—$7.00 


C1) 2. Ahrendt & Taplin—Automatic Feedback— 
$7.50 
Hoelscher, Arnold & Pierce—Graphie Aids— 
$4.50 
Kumla Nomographic Charts—$7 


‘CELLUSUEDE PRODUCTS, INC. 


518 North Madison Street, ROCKFORD, ILLINOIS 
PRODUCERS OF NATURAL AND SYNTHETIC FLOCK 


FE i 


This offer applies te U. S. only 
sa eecee ee eee Se eS eS eS ee ee ee ee eee 
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PRODUCTION? 


The General Tire & Rubber Company has , 

invested millions of dollars to provide the rt “ RUBBER 
most modern laboratories, machinery and PLASTIC 
plant facilities for the development and DESIGN? 
application of rubber, plastic and rein- 


' ee SUSPENSIONS 
forced materials to new industrial designs. KG + 


VIBRATION 


General's large staff of the world’s finest METAL 
chemists and engineers is at your service. 
General is ready to help you in the develop- 
ment and design of rubber, plastic and 
metal parts to solve your specific product 


problems. Inquiries invited. No obligation. 


Let GENERAL TIRE help solve your problem-—--—------_} 











Consult GENERAL on your material a 



















WABASH, INDIANA .... 


OMe @2® te RUBBER 


> 
ACCURATELY MOLDED RUBBER PARTS 


. MOLDED 
in any size, shape and type of rubber, hard or soft, . 


aS jLATHECUT 
pe ft “ Ge 
DIE CUT By. 


EXTRUDED RUBBER AND PLASTIC PARTS 


. = : 
in any solid or hollow shape. Non-staining, odorless, tasteless , Pp L A STIC 5 rs, 
, a 


Refrigerator door gaskets are typical. eae 


LATHE CUT «CIE CUT 
Sen is o> cs EXTRUDED 
PLASTIC — SHEETS 
SHEETS ~— 
~~ 


LOGANSPORT, INDIANA . . | PRODUCTS 


aa, ea ee 


SILENTBLOC MOUNTINGS, BUSHINGS, BEARINGS 


PRODUCTS 










solid or hollow. 




















VIBRATION AND 
SHOCK MOUNTS 









<i 












. 
= tags 20 beta ges eeepc Ao a - ican tw AUTOMOTIVE 
a“ GLASS RUN CHANNELS ai GLASS RUN 

mee: ages ae At Bhp seemed CHANNEL 
breakage and rattling. 
Make a weather-proof job a 
METAL STAMPINGS METAL 
fy fy SP AO 8 FZ STAMPINGS 
~ , - 
MARION, INDIANA . PRODUCTS 
GLASS FIBRE REINFORCED PLASTIC 


LATEX FOAM RUBBER MATTRESS LATEX FOAM 


GLASS FIBRE 
REINFORCED 
PLASTIC 











Exclusive reinforced plastic process makes 
small quantity of complicated parts and large 
sections available at low cost 

Ideal for mock-ups of automobiles, boats, 
pontoons, aircraft parts, housings, cabinets 
nd any other shapes with compound curves 







% 














and product design problems... 


JEANNETTE, PENNSYLVANIA 


4a)! pe 
PLASTIC 


TABLECLOTHS SPONGE RUBBER |) 


AUTOMOBILE 
* ARM RESTS 
FOOTBALLS 


BASKET BALLS 


PLASTIC FILM 


SPONGE 
RUBBER 











e 
ATHLETIC 
GOODS 





















AKRON, OHIO _ PRODUCTS 
| TIRES & TUBES 
Ke © | AIRSPRINGs 
INFLATABLE 








ae 





INDUSTRIAL WHEELS AIRCRAFT WHEELS 
proce li AND BRAKES GOODS 
TIRES & TUBES ° 
- << INFLATABLE GOODS 


4 (RUBBER RAFTS) CHEMICALS 





AIRCRAFT 
WHEELS 
& BRAKES 


INDUSTRIAL 
WHEELS AND 
TIRES 


GENERAL AIR SPRINGS 
FOR TRUCKS and TRAILERS 


The General Tire & Rubber Company is a recog industrial use. The display above illustrates just a 
nized producer of top quality tires for automobiles, few of the many products and services that are avail- 
trucks, airplanes, material handling equipment and able to many industries through General's various 
mobile construction equipment. General is a recog plants located geographically for your convenience 
nized leader in the development of rubber and We welcome the opportunity to work with you 


plastic materials for automotive, aircraft and general on any design oc product development 


BUSHINGS 


Compressed rubber sleeve supports bear- 
ing load and provides oscillatory motion. 
Noiseless, durable, and requires no 
lubrication. 


WELL-TYPE 
MOUNTINGS 


General Silentbloc 

well-type mountings 

prevent vibration to 

supporting struc- 

tures. They cushion 

sudden shocks. 

Silentbloc rubber 

completely insulates 

the inner sleeve from 

the outer member. 

The engine or machine bolted to the inner 
sleeve floats on tensed rubber that remains 
live, assuring longer life, higher efficiency 
and lower maintenance cost. 


ROLLING JOINT MOUNTINGS 


The Industrial Rolling Joint Mountings have the 


" VIBRATION AND 
SHOCK MOUNTS 


VEHICULAR 
SUSPENSIONS 


COUPLINGS 
AIR CLUTCHES 
RUBBER GOODS 
PLASTIC GOODS 

RUBBER AND 


following features: 

1. Load range 125 to 1500 pound loading. 

2. Rated static deflection 0.240”. 

3. Unloaded overall height 2.5”. 

i. Applicable to all types of industrial machinery. 


PLASTIC MATERIALS 


% Poe 


GENERAL'S DESIGN and RESEARCH FACILITIES 


There are unlimited possibilities available 
in General's Design and Research Facili- 
ties. General Engineers can help you both 
in the design and physical properties of a 


engineering “know how” and wide ex- 
perience has been of invaluable aid to 
manufacturers exploring new fields, and 
in reducing current production costs. 


Feel free to consult us on your product 


product and can assist in developing it to 
and production problems. 


meet specific service requirements. Our 


NEW PRODUCTS DESIGNED & PRODUCED BY GENERAL 


HIGHWAY TRAFFIC SIGNS A ES 
(varied colors) j 
/, wi 
V; | 
, 4 iat TOTTI 
j Uh ke 
Y ] 4 SSS ee, 
Q y a 
y + Y ; 
\ 4 4 
; / 
/ / 
Use. / 
4, / 


GENERAL AIR SPRINGS 
NO FOR TRUCKS and TRAILERS 
PASSING 


VSS ast 


PLASTIC SIGNS 
. 
PLASTIC PIPE 
a 


PLASTIC COATED 
GLASS YARN 


* 
AIR SPRINGS 
* 


TORSIONAL 
RUBBER SPRINGS 


oe 


ZA 


| iad 
Y ALLEL ELLER) 
Waitt 


y 

4 

Y 
I 





MITT TIALS 














TORSIONAL 
RUBBER SPRINGS 
FOR VEHICULAR SUSPENSIONS 


WEATHER RESISTING SCREEN 
MADE OF PLASTIC-COATED 
GLASS YARN 


METAL PRODUCTS —TO SOLVE YOUR PROBLEMS 


No matter what problem you have regarding metal products, 
you can depend on The General Tire & Rubber Company's 
Industrial Product Divison to assist you. You'll find General's 
engineers ready and anxieus to work with you all the way 
from design to final product. Write, wire or call. 


CUYAHOGA FALLS, OHIO 
Machine and Fabricating Shop 


LOGANSPORT, INDIANA 
Stamping Division 


-_— “-——— 
ee oor” 
— -— 
-——_ -——— 
—— -_—- 
— <_<. -— 
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iVOCor 


A Remarkatlle New Fintsh fer uaminum 


Q 


MVOCoL 


Revolutionary cnodiying Process 
Q C G 


MVOCoL 


ts atsolulely non-corrostve 


Outmodes and replaces brass, chrome and nickel plating 
Superior finish at an economical cost 

Amazing durability, ruggedness and permanence 
Lustrous, mirror-like, non-tarnishable surface 

Will not rub or wear off 


Available in every color, every shade 





Q 


MVOCOL 


processed aluminum has been tested and approved by leading 
laboratories here and abroad. It is being used 
enthusiastically by some of America’s leading manufacturers. 


rivoeor 


creates its miracle finish successfuily on a tiny screw to a 900 square inch object. 
The process is done in our own laboratories for you. 
We have unlimited facilities for large production. 





Find out how this frrocess can te adapiled fo your needs. rite 
RIVOCOR 6 BUCKLIN STREET PROVIDENCE, RHODE ISLAND 
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; HENOLITE today and for the 


Laminated PLASTIC advanced p roducts 





of tomorrow 


a ~ | ODAY, National Vulcanized Fibre, Phenolite, lami- 
nated plastic, and Peerless Insulation reach into all 
industry with thousands of practical applications. You can 


look to them to help create more efficient. economical. 





advanced products of tomorrow because of their unusual 
combinations of qualities. We offer you experimental service 
in our research laboratories and. in addition, National 
Service Engineers will, without obligation, assist you in em- 


ploying National Laminated Plastics to your best advantage. 


Handbook of helpful information 


sh for product design and production 


= Uh Handy booklet lists grades of National 
* Laminated Plastics, special 


| characteristics and properties. 





2 | Details on heat-resistance, impact 


——— 





strength, water resistance, dielectric 
strength, machinability, and forming 


qualities. Write today on your 





company letterhead for free copy 


of this valuable handbook. 


Fabricated Parts 
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Sheets 


National Vulcanized Fibre, 
NAL 


the first laminated plastic, 


has been used braadly for more 





than séventy-five years in 
many industries. It is a tough, horn-like material 
possessing excellent electrical properties and great 
mechanical strength. It is a converted cotton cellulose, 
which is chemically changed into a new structural form, 
having high dielectric strength, excellent machinability, 
good forming qualities, great resistance to wear and 
abrasion, long life and light weight. Standard colors are 


red, black and gray, available in 15 basic grades. 


\ laminated plastic, bonded 
into its primary forms, 


sheets, rods, and tubes, under 


Laminated PLASTIC 





heat and pressure. It has an 
unusual combination of properties . . . a good electrical 
insulator, great mechanical strength, high resistance 

to moisture; ready machinability; is about one-half 

the weight of aluminum. Standard colors are natural, 


black and chocolate; mirror, semi-gloss and dull finishes. 


The first fish paper 


PEERLESS 


developed for electrical 
INSULATION insulation and accepted by 


the industry because ip+s 





strong, smooth, flexible and has excellentforming 






qualities. It is uniform in thickpeest has high dielectric 
strength. Made in sheetesfolls and coils in all practical 


“ idths and-thicknesses. 












©)\Fe 


Formed Fibre 





a Sales Offices 


Baltimore 7301 York Rd.., 
Towson t. Vid 
Boston 15 19 Deerfield St 
Chicago 12. 2808 HW. Lake si 
Cincinnati 2 626 Broadway 
Cleveland 14 1365 Ontario & 
Denver 3 1253 Pearl St. 
Detroit 26 1601 Kales Bldg 
Los Angeles 21 2325 bk. 8th St 
Milwaukee 2 739 N. Broadway 
New Haven 10 7 HU hitney Av 
New York 7. 30 Church St 


Philadelphia 2 
1718 Girard Trust Bldg 


NATIONAL VULCANIZED FIBRE CO, 3 tii 5.25 tenn tie 


Maryland Ave. and Beech St. 


Since 1873 
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Wilmington, Delaware 


Pittsburgh 12 202 Martin Bidg 
Rochester 14 725 Powers Bldg 
San Francisco 3 273 Seventh Mt 
Seattle 3 1001 U hitman Av 


In Canada 
National Fibre Co. of Canada, Lid 


Montreal . 1411 Crescent St 
Toronto 107 Atlantic Ave 


Cs: 








TEFLON’ 
CAN 


Exceptional qualities of 
“JOHN CRANE” TEFLON 
make it highly desirable for 
a wide range of equipment 
and parts lines. Manufacturers 
of precision equipment and com- 
ponent parts cannot overlook its 
remarkable electrical, thermal, me- 
chanical and anti-corrosive advan- 
tages. Note Teflon’s outstanding 
properties and characteristics. 


ELECTRICAL PROPERTIES: 


Power factor less orn a 

than 0.0005 over ') 

the entire spectrum i |i Resists all chemical 
from 60 cycles to Ut [ 


a ™ liquids and gases 
30,000 megacycles, wl i except molten al- 
with a dielectric e kali metals and 
constant of be- Corrosion resiston’ = Auyorine and chlor- 
tween 2.00and2.05 ine trifluoride*No detectable changes 
* Short-time dielectricstrengthsfrom in properties over 1-year outdoor 
1,000 to 2,000 v., per milin thickness weather test * Zero water 
of 5-12 mils * High resistance to sur- absorption. 

face arc + Volume resistivity greater 

than 1015 ohm-cm * Surface resis- Am 24:0"5 TYPICAL 

tivity drops to only 1013 ohms at f at ~~ _ APPLICATIONS: 


100 percent relative humidity. > 
r | ay // For such applica- 
NG { 








THERMAL AND Y /@) tions, as vhf, uhf, 
MECHANICAL PROPERTIES: at Li or high voltage— 
Tensile strength © high temperature 
1,500 to 2,500 psi. Typicol Application insulator forms, 
at 77 deg. F. * heat-resistant linings, oil and fire- 
Outstanding Durometer hard- wall seals, gaskets, valve discs or 


thermal characteristics ness 55to70*Stiff- seats, packings, flexible bellows, dia- 
ness 60,000 psi. at 77 deg. E-Friction phragms, slot liners, heat sealer jaws 
coefficient against polished steel (stat- and dough rollers. Let our engineers 
ie) .09 —.12 * Remains flexibledown fitJOHN CRANE’TEFLON to your 
to —94° F. Serviceable up to+482°F. specific needs. 


“JOHN CRANE* TEFLON ports can be manufactured to your specifications. Investigate now. 
Let us know your requirements. Sead for our 12-page illustrated catalog. 
Crane Packing Company, dept. PE, 1837 Bolieplaine Ave., Chicago 13, Ili 


CRANE PACKING COMPANY 














protect against corrosive conditions 
Type 1060 is of the baking or heat 
hardening type when baked at from 
350 to 400 F. Type 7100 is of the cold 
setting type cured at 60-80 F 


(0-26) RUBBER-TO-METAI 
PARTS—Acushnet Process Co., Book 
let, Supplement A, 8 pp. The process 
of rubber-to-metal adhesion is discussed 
giving: applications; procedures; de 
sign; compounding; processes; and 
bond strength ratings. Parts are il 
lustrated showing: shock mounts; vi 
bration isolators; shaft seals: valve 
seats; rolls; and pulleys 


(0-27) SILICONE RESIN — Dow 
Corning Corp., Booklet, 6 pp. Has 
tables of physical and electrical prop 
erties measured on silicone laminates 
made with a variety of glass cloth. Also 
has applications and recommended im 
pregnating and laminating procedures 
plus a graph showing the thermal lit 
of the silicone laminating resins 


(O-28) COLLOIDAL GRAPHITE 
Acheson Colloids Co., Bulletin 435, 6 

. Discusses the use of graphite, when 
colloidally dispersed in alcohol, naptha 
water, mineral spirits, or another car 
rier, as a surface coating. Gives applica 
tion, method of applying surface coat 
ing, and other facts 


(O-29) STOCKED PLASTIC PARTS 

Dimco-Gray Co. Catalog, 4 pp. Il 
lustrates and describes 36 groups or 
families of stock plastic knobs, handles 
terminal strips, and similar compounds 
Variations possible within each group 
All parts available in a wide variety of 
thermosetting plastics 


(0-30) COLORED LUCITE AND 
PLEXIGLASS The Ferro Corp 
Booklet, 4 pp. Titled “The Techniqu« 
of Coloring Lucite and Plexiglass’’ it 
gives the advantages of self-coloring 
the Ferro colors, and the method of 
using. The only equipment needed is a 
simple drum roll to mix the color and 
ingredients for the acrylic. 


(O-31) CLEAR SYNTHETIC 
EN AMELS—Rinshed-Mason Co. Bul- 
letin, 4 pp. Discusses the rust-chek 
synthetic enamels applied to the chrome 
plate system. Gives specification, bak 
ing schedule, other procedures, and 
the cleaning cycle for copper-chrome 


plate 


(O-32) NATURAL RUBBER PROD 
UCTS—Linatex Corp. of America 
Bulletin L-101, 4 pp. Describes Lina 
tex, a special form of natural rubber 
Produced in sheet form at thicknesses 
of 1/32 in. to Yy in. Completely re 
sistant to moisture, and has good re 
sistance to low temperatures, abrasion, 
corrosion and vibration 
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DU PONT 


VITREOUS ENAMEL 


FOR ALUMINUM 


6 U6 Pa 


BETTER THINGS FOR BETTER LIVING 


. +» THROUGH CHEMISTRY 


Applience Parts 


now made possible with DU PONT VITREOUS ENAMEL 
Get all the advantages of aluminum— 
in colors that help your product sell better 


The remarkable properties of Du Pont vitreous enamel for aluminum 
permit a new, wider use of lightweight aluminum alloys. This outstanding 
protective finish enables you to take advantage of aluminum’s desirable 
features in a variety of structural and decorative applications. And 
Du Pont vitreous enamel adds a wide color appeal to your household and 
industrial products— gives them another important sales advantage. 

Vitreous enameled aluminum can be sheared, sawed, drilled and punched 


without damage to the coating. Costly prefabrication is eliminated because 
standard size enameled sheets can be cut to size on the job. 


Almost unlimited range of colors and degrees of surface gloss available . . . can 
be produced in multi-color effects by masking, spray or screen stencil processes. 


Du Pont vitreous enamel for aluminum is lightfast . . . displays excellent re 
sistance to corrosion, abrasion, thermal shock, impact and flexing has a 
high dielectric strength 


A standard thickness coating of vitreous enamel increases the rigidity of sheet 
aluminum as much as 60%! 


Vitreous enamel is readily applied by ordinary enameling and firing procedures 


FOR MORE INFORMATION SEND FOR 
YOUR FREE COPY OF THIS BOOKLET 


Vitreous enamel for aluminum is fully described in this 
free booklet—just fill out and send in the coupon below. 





pte eee eee eee Re SRE See eee 4 
' ' 

' 
- E. I. du Pont de Nemours & Co. (Inc.) P&H - 
s Electrochemicals Department, Wilmington 98, Delaware ' 
' ' 
' Please send me a free copy of your booklet on Du Pont Vitreous Enamel for : 
: Aluminum. I am interested in enameling the following types of work ’ 
' ' 
' ' 
.' = ' 
' ' 
' Nam / t ' 
' ' 
' ' 
g Fi ' 
' ' 

' 
: Address — - ——— ' 
' ' 
8 City ne Se Sel ee State J 
' —— ' 
J 
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@ Advertising displays and signs 


EXTRUDED 
SHEETS 











@ Automotive products and parts 


@ Aircraft engines and parts 


For better quality end products, 
use Midwest extruded sheeting 
uniformly high in dimen- 
sional stability 
worked and formed. 


@ Premiums, toys and novelties 


; @ Boats and marine equipment 
easily 


@ Refrigeration and appliances 
Cellulose acetate, high im- 
pact polystyrene other ther- 
moplastic materials extruded 
precisely to your specifications 
Available in clear and colored 
transparents, translucents and 
opaques. Also tubes and shapes 


@ Radio and television equipment 








Test our modernengineering and 
manufacturing methods. Let 
us prove to you that there are 
two types of extruded thermo- 
plastics ... Midwest... and 


All the Rest. SEND FOR ILLUSTRATED BROCHURE AND PRICES 


MIDWEST PLASTIC PRODUCTS COMPANY 


18OT CHICAGO ROAD, CHICAGO HEIGHTS, TELLIN OTUS 


This rich looking, rein- 


forced sheet is a Tenite 


FOR BETTER 
QUALITY END PRODUCTS 


extrusion by Midwest 











B REYNOLDS ALUMINUM HANDBOOKS 
| on 


DESIGN and FABRICATION 





ALUMINUM DATA BOOK 





AUBURN BUTTON WORKS 


ORPORA 


PLASTIC PARTS PROPERLY 
PRODUCED SINCE 1876 





t 3 


Our Diversified Facilities Include: 


ALUMINUM DATA BOOK 

Discusses the physical 
chemical and metallurgi 
cal factors of aluminum 
as they affect design 
and fabrication 


DESIGNING WITH ALU 
MINUM EXTRUSIONS 

explains the basic princi 
ples for using extruded 
giuminum shapes most 


effectively 


¢ Compression, transfer and high speed 
plunger presses up to 500 tons capacity 


FREE: 
@ Single copies of 


these and other valuable hand- 
books are free when requested 
on business letterhead. Other- 
wise the price of each book is 
one dollar. 

For a complete listing of hand 
books in the Reynolds Library on 


Extrusion machines up to 4/2” screw size 
Automatic rotary presses for small parts 
Injection machines up to 22 oz. capacity 


Thermoplastic sheets up to 40” wide 





Vacuum forming for sheets up to .125” 


. . A , Ther TD Aluminum Design and Fabrica 
Tool and die shop ® Engineering services ~~ * tenet enpe ~ 





DESIGN hows how to tion, see Reynolds green insert 
design original structures Section B. 

with aluminum or convert 

present designs t REYNOLDS METALS COMPANY 
minum 2598 S. Third St., Louisville 1, Ky 





MAIN OFFICE AND FACTORIES 


AUBURN, NEW YORK 


SALES REPRESENTATIVES CONVENIENTLY LOCATED 


REYNOLDS @& ALUMINUM 








MODERN DESIGN HAS ALUMINUM IN MIND 
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Revolutionary new shock 
isolators 


and vibration 








COHRLASTIC 
NON-LINEAR 


MOUNTS 


This new mount is based on the 
principle of non-linearity with a de- 
creasing slope of the load deflec- 
tion curve. There is no loafing dur- 
ing the early loading stages. 





COHRlastic non-linear mounts com- 
bine in a single unit, features that 
normally require two or more of 
the existing units. 


Suggested Applications: 


1. Transporting jet and radial air- 
craft engines. 


2. Electronic equipment. 


3. Shock mounts under heavy moa- 


chinery. 
4. Instrument mounts. 
5. Transporting guided missiles. 
6. Trailer truck helper springs. 


Correspondence invited. 


Catalog on request. 


First in silicone rubber fabrication. 





PROOUCT OF THE 





Product Engineering 





~HARD RUBBER.COMPANY 
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SILICONE 
RUBBER corms ww 


ber is synthesized 














- from silicon... 
the major constitu- 
ent of sand... . by 






a complex process 
involving molecular 
engineering. For high 
serviceability, and 
their special virtues, 
Fiberglas and Orlon are 
used for reinforce- 
ments. COHRLASTIC fab- 





lor temperatures 


| 
“MW ew f 


rics come in rolls 36” 


LV ° ( wide and various thick- 
nesses. They are highly 
UW resistant to extreme tem 
J peratures, have alow 
i é 










compression set and high 
dielectric strength. They 
4 withstand hot oil, hot 
f ashes, coolants, mild acids ‘ 


/ mild alkalies, gases, infra 


Jf 
mers «= red rays. Use COHRLASTIC 
P fabrics for better gaskets 
diaphragms, bellows, boiler 


sealing, expansion joints, fire 
curtains, oven conveyor belts 
refrigerator door seals, duct 
work. 








Data sheets and sample 
swatches on request 








FIRST IN SILICONE RUBBER FABRICATION 








PRODUCT OF THE 


(COHRtastic 


408 EAST ST. * NEW HAVEN, CONN. 








HARD RUBBER COMPANY 












TUTRLALAAREeEAeeLaeily | 
Wy Hh SULT 





ACUSHNET specializes in “precision” molded rubber parts 
custom-engineered to specific requirements. 


Utilizing the most modern techniques, our Engineering Staff 





constantly is developing new approaches to old problems, with 
notably successful results. By ingenious mold designing and skillful 
compounding, yesterday's skepticism of rubber for certain uses has 
changed to complete confidence in this versatile material as ideal for 


applications in countless vital assemblies. 


Consult our engineers on your nex! pre- 
cision molded rubber job. In the meantime, 
send for a copy of the “Acushnet Rubber 


PROCESS COMPANY ™tect’:* conpretenive nither dete 


reference for molded rubber ports. 





Address all communications to 768A Belleville Ave., New Bedford, Mass. 






(0-33) MOLDED NYLON PLAS 
TICS—General Electric Co. Bulletin 
CDP-654, 4 pp. Suggests mechanical 
applications and design possibilities 
Describes strength, light weight, self 
lubrication and other advantages 
Tables give mechanical, thermal, elec 
trical, and other properties indicating 
long service !ife inherent to thes 
plastics 


(0-34) CORROSION RESISTANT 
EQUIPMENT—The American Agile 
Corp. Bulletin, 4 pp. Contains general 
information vf agilide (unplasticized 
polyvinyl chloride) corrosion resistant 
equipment and products. Used in pipe 
installation, containers and _ tanks, 
valves, exhaust hoods, and other parts 
Has complete physical properties of 
these thermoplastic materials for struc 
tural applications 


(O-35) PLASTIC PIPE—Linehan & 
Co. Bulletin, 4 pp. Specifications for 
plastic pipe for use in the oil, gas, and 
chemical industries, and for fresh or 
salt water systems. Lists advantages 
and has graph showing flow rate, and 
pressure /temperature capacity Sizes of 
pipe dependent upon application, range 
from 1 to 4 inches 


(O-36) GLASS MICRO-FIBERS 
Glass Fibers Inc. Booklet, 4 pp. Dis 
cusses the manufacture, use and prop 
erties of glass fibers so small that they 
have diameter less than the shortest 
wave length of visible light. Physical 
chemical and electrical prope rtres 
given 


(0-37) TANK LINING—Metalweld 
Inc. Bulletin K, 4 pp. Discusses, illus 
trates and gives data on the application 
of flexible koroseal to plating, tanks 
racks, and vats. Materials handled in 
clude acid, bleaches, caustic, plating 
solutions, and many organics. Is readily 
applied in thicknesses up to 3/32 in 
and possessing a high degree of chemi 
cal resistance to corrosive chemicals 
does not absorb liquids handled 


(0-38) VINYL COATING—United 
Chromium Inc. Bulletin RC-2, 2 pp 
Describes properties and uses of uni 
chrome coating 218X, a vinyl plastisol 
material which can be applied eco 
nomically by dipping and is suitable for 
coating, plating and conveyor racks 
degreasing and dipping baskets, duct 
work, tank grids, tanks and drums 
and piping 

(0-39) ELECTROPLATED RODI 
UM—tTechnic Inc. Data Sheet, 1 pp 
Gives data on a method for electro 
plating rhodium to thicknesses up to 
0.001 inch. Gives physical properties 
electrical properties; corrosion resist 
ance; hardness; electroplating specifica 
tions; thickness requirements: and all 
ipplications 
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HOW TO OPEN THE DOOR 
TO PRODUCTION ECONOMY 


New design approach 
explores production 
economies with plastics 











\ fresh approach to cost reduction, reported in a 


new Monsanto management study, lies in design 





ing tor production economy — with plastics. Thanks 
to this new trend in design thinking, manufacturers 
in many product fields are now cutting production 


costs by as much as 50 per cent. 


Faster cycles ... elimination of machining, 
painting, assembly and other finishing operations 
made possible by plastics — are now prime con- 


siderations right at the conception of the product 


For the full story of how manufacturers are cut 


ting costs with the new approach to design prob- 







lems, send for your free copy of Monsanto's new 
: management report. Just use the coupon below mousanro PLASTICS 


petacrgd 
i rth ie) ; 


Also—if you would like individual assistance with y' iy 
your materials problem, call on the Monsanto 
Technical Council—a board of experts in plastics, 


j who will be glad to advise you on any questions New Approach 
related to plastics. to FREE—Send for your product 


design report today. 


Product Design | Mail the coupon below. 


| 

> . . . 7 > . . >. . . . >. >. > > * 
MONSANTO HEM AT OMI 

. I R HS ° 


MONSANTO 





WHICH SERVES MANKIND 









SERVING INDUSTRY. 
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PROTECTION! I[ridite blocks corrosion by sealing off the 
metal from contact with vapor, moisture or other corro- 
sive elements; retards galvanic corrosion by blocking 
metal to metal contact. And Iridite holds paint firmly, 
prevents underfilm corrosion or corrosion from moisture 
penetration through the paint film. 


DECORATION! I[ridite is available in a variety of basic and 
dyed colors, including sparkling bright coatings, for deco- 
rative final finishing. Colors are also useful for parts 
identification. Here’s how you can use Iridite: 


AND CADMIUM you can get highly corrosion resistant 
finishes to meet any military or civilian specifica- 
tions and ranging in appearance from olive drab 
through sparkling bright and dyed colors. 


lridite brightens copper, keeps it tarnish-free; also 
lets you drastically cut the cost of copper-chrome 
plating by reducing the need for buffing. 


Iridite gives you a choice of natural aluminum, a 
golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. 
Process in bulk. 


[ridite provides a highly protective film in deepen- 
ing shades of brown. No boiling, elaborate cleaning 
or long immersions. 


AND IRIDITE IS EASY TO 
spray. No electrolysis. No special equipment. No exhausts. No specially trained 
operators. Single dip for basic coatings. Double dip for dye colors. The protective 
[ridite coating is not a superimposed film, cannot flake, chip or peel. 


APPLY. Goes on at room temperature by dip, brush or 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete data. Write 
direct or call in your Iridite Field Engineer. He's listed under “Plating Supplies” in your 
classified telephone book. 


Aen Researcu Prooucts 


INCORPORATED 


4004-06 E. MONUMENT STREET « BALTIMORE 5. MD 


lridite is approved 
under government 


specifications 


Css 





Product 





Catalogs 
and 
Bulletins 





Request additional information using 
postcards following page 24 


(O-1) MECHANICAL RUBBER 
GOODS—Lavelle Rubber Co. Catalog 


MS52, 60 pp. Covers polymer charac 
teristics and recommendations; molded 
goods; extruded goods; lathe cut goods; 
sheet stocks and die-cut goods; special 
ties; and mat and matting. Methods 
and design, standard and custom mold 
ed parts are discussed. Has large illus 
trations, engineering drawings, specifi 
cations, and a list of compounds used 


(O-2) THERMOPLASTIC EXTRI 

SIONS—Anchor Plastics Co. Booklet, 
i4 pp. Discusses forms and shapes of 
extruded plastics and a general sum 
mary as to how thermoplastics may be 
by industry. A properties chart 
is also included 


Isc d 


(O-3) SILICONES Dow-Corning 
Corp., Booklet 2003, 32 pp. Describes 
the 200 Fluid, a plain straight chain 
polymer, which is a bland clear oil 
having the advantage of retaining the 
same properties over a wide tempera 
ture span. It can be used as a defoamer 
and a polish ingredient, a release agent 
and a dielectric, a damping medium 
and a paint additive. Over 20 different 
prope rties from boiling point to sound 
transmission are discussed and illus 
trated. References are given, and a 
blending chart for intermediate viscosi 
ties is included. Many industrial appl: 
cations are pictured and described 


(O-4) 
TURES 


log, 28 pp 


HONEYCOMB STRUC 
Aircraft Co., ¢ 
De SC ribes 


Douglas ata 
Aircomb, a 
honeycomb structure of paper impreg 
nated with a phenolic type resin for 
strength. Shows manufacture, rigidity 
weight ratio; insulating properties, 
enginecring data: 


Has many 


llustrations of uses; 


and comparative properti¢ Ss 


graphs giving characteristics 


(O-5) 
Solar 


EXTENDING METAL LIFI 
Aircraft Co. Booklet, 25 p} 
Tells how industry can 
and extend the 


conserve stra 
life of 


tegic materials 
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MYCALEX is the only ceramoplastic 


glass-bonded mica 




















MYCALEX glass-bonded mica can be molded or MACHINED PRODUCTS MOLDED PRODUCT 
machined like a plastic, but with greater precision, 
greater dimensional stability, more complex insert sites so a) 
SHELF Pp x PPORT 
inclusions, and higher temperature endurance than Ti. 
any plastic. Mycalex glass-bonded mica has ceramic _ ; “ 
rigidity, much of ceramic temperature endurance, a 
plus more dimensional precision and stability than oo * 
. P ELE ‘ . 
any ceramic. Having the best features of both NER d 
RELAY TATOR 
ceramics and plastics plus some special ones of its MOUNTING 
own, Mycalex glass-bonded mica is the only ceramo- 2 PLATE 
dlastic. 
I ~ 
TERMINA 
PROPERTIES NSULATOR { 
® Can be machined, ground or alloys. Holds inserts tight over — 


apped to as close tolerances wide temperature ranges TUBE SOCKETS BY SWITCHE > COMMUTATOR sy 
as any meta! ® Uneltected by rw MYCAL FX TUBE PLATE S BY MYCALE x 
© Can be moldedto closer , |. nervious to water, | ‘SOCKET CORPORATION ELECTRONICS CORPORATION &@ 


organic solvents 


dimensional tolerances than 


any ceramic or plastic 





, ® High temperature endurance : 
@ Persistent dimensional stability 
Free from warpage, cold flow © High thermal shock endurance 4 
or age distortion . 
© Dimensional stability persists ¥ 
@ Inserts can be molded into lespite cycles of hiah and low ¢ 
molded arades, cemented int temperature § 
mochined holes in machined 
@ Electrically stable.Does not 
grades : 
»se its properties 
®@ Metal parts can be cemented 
e | mlectric . fector 
onto all grades One Mycalex w elec ca $s ac te 
| ) " . ‘ be 
onded mica par xn b 
glass-bonded ca pc cc € ® High dielectric strength 
cemented to another 
® High arc resistance. Cannot , 
eu nearly the same coefficient j 
as y c °) siti pert 
of thermal expansion as the 
most commonly used insert ® Radiation Mecitest. 
‘ 
— 





THERE ARE DIFFERENT GRADES FOR DIFFERENT PURPOSES 





























= ee ye & > x " . 
. sat ss 
? 5 Ee gs 
Operating temper Operating temper Moldable but not Operating temper Operating temper Mach , ae 
ature limit 650 F ature limit 900°F readily machin ature limit 700 F ature mit 1000 a Ipacitor € 
natural mica, mold synthetic mica able genesal cap natural mica, read F synthetic mica ectr constant 
able with or with moldable with or acitor dielectri« ily machinable, not readily machir nd sted by Kk 
outinserts >w without inserts, low with dielectric con moldable nserts able not mold numbe 
machinability machinability stant indicated by must be cemented able nserts must 15 or 20 

KM number such as in be cemented 

10, 20, 30 or 40 

| sind 


MACHINING BOOKLET AND CATALOG 
Our Engineers Handbook & Catalog tells the whole 
WRITE FOR FREE LITERATURE story and is yours for the asking. And if you want 
to machine Mycalex then ask for the free booklet 
“From One Machinist To Another ~ 


MYCALEX CORPORATION of AMERICA 


World's largest manufacturer of glass-bonded mica products. Owners of “MYCALEX” Patents and Trade-Marks 









EXECUTIVE OFFICES: 30 Rockefeller Plaza, New York 20, N.Y GENERAL OFFICES AND PLANT: 123A Clifton Boulevard, Clifton, N 
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The 
rubber ball 
that 
wouldn’t 


bounce... 


There’s more to rubber than 
bounce! Rubber parts, therefore 
must be specifically engineered 
to meet the requirements of 
their intended applications 

In addition to elasticity, many 
special properties are essential 
for dependable performance 
These include resistance to 
extreme temperatures or 
weather conditions, the ability 
to withstand oils and other 
petroleum derivatives, resistance 
to various chemicals, and long 
life despite abrasive actions 
encountered in many 


applications 


STALWART RUBBER specialists 
can fabricate custom shapes 
from stocks compounded to meet 
specific job requirements. These 
shapes can be molded, extruded 
die-cut, lathe-cut or mandrel-built 
to meet individual, S.A.E. or 


A.S.T.M. specifications 





TALWART RUBBER COMPANY 





200 Northfield Road + Bedford, Ohio 
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metals used at high temperatures 
through the use of ceramic coatings 
Gives design features, properties, ex 
amples and illustrations of use in air 
craft and industrial applications 


(0-6) SILICONE RUBBER—Gener 
al Electric Co., Bulletin CDS-3, 24 pp 
Called, “Imagineering with Silicone 
Rubber,” it includes information ot 
id de 
sign specifications. Discusses advan 
ta 


properties, application, classes, a 


ges ol resistance to temperature 
release from sticking, inertness, and 
unusual surface properties. Has many 
illustrations, and curves 


(O-7) PRACTICAL NICKEL PLAT 
ING The International Nickel Co 
Inc., Bulletin, 44 With over 40 


Pp 
illustrations, it provides the designer 
specifying engineer, and user with 


basic information on electroplating and 


detailed information on nickel plating 
and its practices. Other facts on plat 
ng also given 


O-8) FLEXIBLE CORD—Whit: 
Blake Co., Bulletin FC-52, 24 py 
Includes all of the new Underwriters 
classifications for flexible cords made by 
this company. Features data on Dyna 
prene and rubber jacketed cords, 
braid covered types. Also informatioi 
on cord selection, and technical dat 


on Wirc ind cable 


(O-9) ELECTRICAL INSULATING 
VARNISHES Insulation Manufa 
turers Corp., Catalog, 20 pp. Gives 
helpful 


t10Nn a 


information on varnish sele 
: 


aq use, } IS Vari ish compositior 
types, functions, colors, processing an | 
care. Data on solvents is also included 


is well as detailed des ription of ele 

trical insulating varnishes for all ty} 

) upplications 

(0-10) INDUSTRIAL INSULA 

TION Baldwin-Hill Co., Catalog 

|-1, 20 pp. Data on insulating mater 

ils covering the temperature rang 

from — 150 F to 1,800 F. Has thermal 
onductivity graphs, and heat los 

harts plus ul pl t S, SIZes, pa kag 

YY, an | de sities 


O-11) INJECTION MOLDED 


RUBBER ities Wikies 
Grsasket Co Book | Dis 
s ss) nafa 
S\ I ) 1 () 0 
\ 1p SS S | (0) \ 
e€s pos | 


(O-12) NEOLY RESINS——-H 


s Po ( Boo S pp. G 
practica ppl l ) | i 
formulations for } f oly 

sins idhesives 1 orga 
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Investigate 


STAR Custom Porcelain Specialties 


for applications requiring 
Resistance to 

ELECTRICITY 

HIGH TEMPERATURES 

THERMAL SHOCK 

MOISTURE 

CHEMICALS or 

* WEATHERING AGENTS 


For complete information—design help, 
engineering data with electrical and me- 
chanical properties, production facilities 
and availability—write direct to 





THERMOLAIN 


A high grade refractory porcelain 
with excellent mechanical strength 
and heat shock resistance. For 
electric ranges, broilers, air heaters, 
rheostats, radiants, immersion heat- 
ers and furnaces. 





VITROLAIN 


Strong, dense, low porosity porce- 
lain with superior dielectric and 
mechanical strength. Especially 
adapted to radio, telephone, rail- 
road signal and similar applications. 


PORCELAIN COMPANY 


35 Muirhead Avenue «+ Trenton 9, N. J. 


Makers of Electrical Porcelain Since 1899 





STAR INSULATING BEADS 
LAVOLAIN 


Ball and socket type for insulating 











Steatite—strong, dense, heat resist- 
ant insulation with exceptional me- 
chanical strength and thermal shock 
resistance. Excellent for small parts 
widely used in heating devices. 


Product Engineering 


1954 Annual 


bare wire. Heat resistant . . . high 
dielectric strength ... low cost... 
quickly applied. 13 stock sizes. 
Shown here approximately half ac 
tual size. Send for samples. 


Handbook 






























No. 921 INSULATION 


Hard stoneware type ceramic wit} 
outstanding thermal and electrical 
properties. Recommended for mold 
ing difficult shapes that must with 
stand severe mechanical strain or 
heat shock. 


HUMIDOLAIN 


Highly porous, special clay body 
Widely used in the manufacture of 
deodorizers, humidifiers, air condi- 
tioning equipment and other appli 
cations involving the gradual re 
lease of evaporation of absorbed 
liquids and perfumes. 





NU BLAC 


Same good dielectric and mechani- 
cal strength offered by STAR Com- 
mercial White with added advan- 
tage of non-soiling in assembly. 
Used for many types of wiring de- 
vices and is adaptable to practically 
all molded electrical insulator 


shapes. 
Co! 












Industrial Form-Dipped Rub- 
ber Products and Coated 
Metal Parts 


rr 
& 
































We specialize in applying rubber and rubber-like 
materials to stampings, wire forms and other metal 
parts. 


We also produce rubber products by our form-dipped 
process such as Rubber Convoluted Boots, Accordion- 
type Seals, Boots and Sleeves for Ma- 
chinery, Bellows, Tubing, Covers, Sacs, 
Grommets, Caps and Bulbs as pictured 
above. 








Write for Free Brochure which illustrates 
representative items in these lines 






YX 
17220 Conant Road, Detroit 12, Michigan 





it EET RUSIONS 


can be used in your product too! We have just published 





1 12 page brochure containing 36 illustrated examples that 


demonstrate how various industries use thermo-plastic Need specialty molding of 


extrusions in their products 


You can get ideas of how custom-made rods, tubes and PLASTICS & ELASTOMERS? 


other shapes may be us “d in your produ ts or prom esses 








Che brochure also contains full information on plastic 


Bacon Industries specializes in 
the following types of work: 


materials, specifications and property tables 


You will find this brochure informative and profit- 


Tp ry O-R s, Gaskets and Other 
able. Write for your free copy of “EXTRUDED Molding O-Rings, Gaskets c 
PLASTICS” or clip the cou pon and attach to your Small Parts ... Specially ¢ ompounded 
letterhead. Stocks ... Plastic and Rubber Prototypes 


. Special Impregnating Varnishes 


and Potting Resins ... Encapsulating. 


ls thoroughly familiar 


PLEASE SEND A COPY with the chemistry of 
OF “EXTRUDED PLASTICS’ such materials as: 
TO 


Natural and Synthetic 
NAME Rubbers ... Bakelite and Othe 


TITLE Resins... Polyethylene... 





Fiberglas ... Teflon. 
/ PLEASE CLIP TO YOUR LETTERHEAD 
Write today, describing 
vour pe cial proble ms. 





ANCHOR PLASTICS 7 Gacowe inustrits, inc. 


192 Pleasant Street 
Watertown 72, Mass 





COMPANY INC. 


36-36 36TH STREET * LONGISLAND CITY 6.N. Y. 
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NEOPRENE ” 




























Informative Du Pont Booklet 
fives You: 


. 
facts about the outstanding properties of neo- 
prene, Du Pont’s chemical rubber 


’ descriptions of service conditions that demon- 


strate neoprene’s superiority 





examples of products in which neoprene has 
outperformed other resilient materials 


Designed for you, this illustrated booklet 
contains data on neoprene’s properties, per- 
formance, and uses. It shows you why neo- 
prene withstands service conditions that 
cause failure in many other resilient ma- 
terials. Numerous pictures and tables illus- 
trate how products made with neoprene can 
often outperform and outlast those using 
other elastomers. 

To help you design new products. . . and 
improve old ones . . . be sure there’s a copy 
of ““Design for Success with Neoprene’”’ in 
your file. 


MAIL THIS COUPON TODAY FOR YOUR FREE COPY 


moe ee a 
~e - © pel R - fe a " : = _ . ee pe nw : 


Rubber Chemicals Division PEH, Wilmington 98. Delawar: 





Please send me a free copy of 


The rubber made by Du Pont since 1932 




















| 
l 
| 
| 
| “Design for Success with Neoprene.”’ 
i 
| Name Position 
| Firm { 
" 
ieies | Street & No | 
: | 
BETTER THINGS FOR BETTER LIVING 7 City. State ' 
0 oe THROUGH CHEMISTRY eS Se SE Me ee J 
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WHEN YOU WANT NYLON PERFORMANCE 
with low tooling cost...design with 


POLYPENCO 







ROD, STRIP, TUBING 


APPLICATIONS Thrust washers Light weight 
Bearings Valve seats Heat resistance 
Connectors oe surfaces Quiet operation 
screws—rivets = Toughness 

Coil forms CHARACTERISTICS Resilience 
Gears Abrasion resistance Low coefficients 
Rollers Electrical insulation of friction 


You can fabricate parts readily (drill, tap, thread, turn, 
mill, blank) from standard shapes of POLYPENCO nylon 


on standard shop equipment. This keeps tooling cost 
low and makes nylon economical without costly tooling. 
Call on us for engineering help. We will tell you if nylon 


is practical for the application, how to fabricate it—or we 


will fabricate it for you. Write for prices or technical data. 


POLYPENCO NYLON 


nylon and teflon*/ 
/ stock shapes, finished parts 


also available to your specifications 





The POLYMER CORPORATION of Penna. « Reading, Penna. 
In Canada: C-H Engineering Company « Montreal « Toronto 


* registered trademark of the Du Pont Company 





Also contains technical informa 
tion about the general properties of 
the seven resins in this series, and 
performance characteristics. 


osols 


(O-13) INDUSTRIAL ENAMEL 
Erie Enameling Co., Booklet, 16 pp 
Entitled, ‘Porcelain Enamel to Handle 
the Tough Jobs,” it contains sections 
on the types of porcelain enamel, in 
formation on physical characteristics, 
and lists applications. Also has a sec 
tion on the use of color in industrial 
enamel, and rules for designing fo: 
porcelain enamel 


(O-14) PRESSURI SENSITIVI 
TAPES—Minnesota Mining and Mfg 
Co., Booklet, 16 pp Lists two dozen 
pressure sensitive tapes that meet var- 
ious government specifications. Con 
tains 42 illustrations, giving complet 
data on tapes for packaging, holding 
mending, masking, sealing, mounting, 
protecting, insulating, and splicing 
jobs. Also lists 14 printed tapes us d 
for identification of food lines 
aircraft. 


(O-15) PAPER TUBING—Precision 
Paper Tube Co., Catalog, 16 pp. Infor 
mative data and specifications on square 
rectangular, and round tubing. Tubes 
furnished in a variety of spirally 
wrapped dielectric papers. Also a line 
of celluslose acetate tubes for aircraft 
and marine applications 


(O-16) PROPERTIES OF PLASTIC 
E. I. du Pont de Nemours & Co 
Inc., Bulletin A-3940, 12 pp. Discusses 
alathon, teflon, nylon, lucite, pyralin 
butacite and plastacele. Each plastic is 
described as to its working techniques, 
properties and uses. The two-page chart 
gives mechanical, thermal, electrical 

optical and miscellaneous properties 


(O-17) TRANSPARENT PLASTI¢ 
SHEET The Homalite Corp., Book 
let, 12 pp. Describes CR-39, a clear 
thermosetting sheet plastic material 
ind covers fabrication, maintenanc« 
and installation plus a comprehensiv 
tabulation of physical, chemical and 
lectrical properties, as compared to 
ist methacrylate and plate glass. Has 
} 


od resistance to breakage, scratching 


chemical attack and high pressures 


(O-18) CERAMIC COATING 
FACTS Ryan-Cameo Co., Booklet 
10 pp. Tells what high temperature 
ceramics are; what properties they have 
use in aircraft; what metals may be 
coated. Has illustrations of productior 
testing, facilities, and other data on th 
ramic coating of metals 


(O-19) SPECIFICATION LAC 
QUERS—Hercules Powder Co., Bull 
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B. F. Goodrich Chemical Company does not make these products. 
We supply the Hycar rubber only 


On Aircraft, Oil Well 
and Electrical Jobs 


--- versatile Hycar scores high! 


OOK at the three typical uses 
of Hycar pictured. They show 
the wide range of applications for 
this versatile American rubber. And 
they also show how Hycar helps 
improve products and operations 
—save money. 
The carburetor gasket is used on 
a Navy helicopter. Hycar bonds the 
asbestos fibers of the gasket, helps 
seal power in—keep trouble owt. 
Hycar resists heat, oil, solvents and 
retains its high tensile strength. It 
helps make the gasket non-absorb- 
ing, non-swelling and non-cracking. 


The Hycar rubber “O” ring seal 


GEON polyvinyl materials « 


More developments using 


B. F. Goodrich Chemical 


HYCAR American rubber ¢ 


is one of many uses for Hycar in the 
petroleum industry. It's used on a 
powerful pump designed for jet bit, 
big hole and deep drilling. The 
Hycar “O” ring seals tightly, resists 
abrasion and the hydrocarbons en- 
trained in the drilling fluid. 

On the volt-ammeter, the trigger 
is made with a Hycar rubber-phe- 
nolic compound. Breakage under 
sudden pressure which used to plague 
rag-filled phenolic triggers has been 
reduced almost to zero. 

Hycar’s many advantages may be 
the perfect answer to your product 
improvement or development prob- 
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GOOD-RITE chemicals and plasticizers 









raw materials 


lems—and your sales plans. We'll 


help you select a Hycar rubber com- 
pound exactly suited to your needs. 
For technical information, please 
B. F. Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 


Goodchemco. In Canada: Kitch- 


write Dept. HU, 


ener, Ontario. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hycar 


Re Ci tn a 


Amsiten Reybher 


Cis 








<I 


PROPER APPLICATIONS...PRODUCT IMPROVEMENT 





Send us your problem. We'll 
be glad to advise you, make 
suggestions and quote prices 
promptly—no obligation ,on 
your part. 


Hak 


INDUSTRIES 


NAZARETH, 
PENNA. 
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tin 500-1576M, 10 pp. Titled ‘‘Specifi- 
cation Lacquers for Finishing Military 
Items” it contains military specifica- 
tions, U. S. Army specifications, joint 
Army and Navy specifications, and an 
index to the typical users. It is possible 
to find out what kind of finishing ma- 
terial is being called for, when all that 
is given is the specification number. 





(O-20) MOLDED PLASTICS—Kuhn 
& Jacob Molding & Tool Co., Booklet 
E-604, 10 pp. Presents the services and 
facilities, engineering, materials selec- 
tion, precision mold making, and fin- 
ishing. Charts aiding designers are: 
minor diameters of threaded inserts and 
pin diameters, and major diameters of 
screw threaded inserts with tolerances 
allowed 





(0-21) CAST OPTICS—Cast Optics 
Corp., Catalog, 8 pp. Has descriptions 
and tables of properties of four cast 
plastics, lists of features, brief fabrica- 
tion instructions, and some accepted 
uses. Two are thermosetting allyl resins 
which can be hot formed, and one deep 
drawn. Another is a cast polystyrene 
with good optical qualities, and the 
fourth a ceentieteal polystyrene de- 
veloped specifically for UHF insulation 





(O-22) NATURAL & SYNTHETIC 
RUBBER PARTS—Tyer Rubber Co., 
Booklet Ip 52, 8 pp Titled “Molded 
and Extruded Parts of Natural and 
Synthetic Rubber,” it deals with the 
standard items made for the aeronau- 
tical, automotive, electrical, and agri- 
cultural industries. One chart shows the 
key to rubber and synthetic compounds; 
and another shows the relative prop 
erties of the two 


(O-23) TEFLON PRODUCTS—Ray 
bestos-Manhattan, Inc., Bulletin, 8 pp 
Has description, service recommenda- 
tions, and lists types of: gaskets; rings 
in irregular shapes; sheets; tubes; rods; 
tape; braided and plastic packings for 
stuffing boxes and valve stems; and 
Vee-Flex packing rings. Also lists 


| 


chemical, electrical and mechanical 


prope rties of teflon, and sug ge sted ap- 


plications 


(0-24) ELECTRICAL INSULAT 
ING RESINS—Minnesota Mining and 
Mfg Co., Booklet 5 pp Des ribes a 
new tec hnique of embedding electrical 
components in insulating resins. Ay 
plications for hot and cold pouring 
resins are discussed, as well as the us 
of fillers to get sp il characterist 
Illustrations and technical dat 


int lude a 


(QO-25) PLASTIC COATINGS—Th 
Ric-Wil Coating & Mfg. Cory Bul 
letins, 8 pp. Two bulletins describ 


types 1060 and 7100 Resin coat ngs to 
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New material does old jobs better 
... Makes new jobs possible 


Spongex cellular plastic (expanded unicellular poley- 
vinyl chloride) performs outstandingly as a protective 
cushioning, flotation or insulation material. 

This new material absorbs shocks with little, if 
any, rebound. Its light weight and ruggedness make 


it just about ideal for use in the aircraft, automotive 
and marine fields. 

Perhaps Spongex cellular plastic offers a solution 
to one of your problems. Write to us today for com- 
plete information. We'll be glad to help. 


Properties of Spongex Cellular Plastic 


Floats e Cushions e Low water 


absorption e Absorbs shock with minimum rebound 


Insulates e 


e Unaffected by salt water or sunlight e Unaffected 


by oils, acids, perspiration . Fire -retardant 


e Has K factor of .20 e 
Can be cut or molded to 


Needs no paint, finish 
or protec tive cover e 
Won't absorb odors 7 


shape e Non-staining 


a Lightweight e Non-toxic. 


Some present uses of Spongex Cellular Plastic 













Cellular 
Rubber 


SPONGEX 


THE SPONGE RUBBER PRODUCTS COMPANY 
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for cushioning, insulating, shock absorption, 
sound and vibration damping, gasketing, 


sealing, weatherstripping and dust proofing. 








602-H Derby Place, Shelton, Conn. 
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NEW BOOKS 


Fabrication & Production Processes 





Automation by John Diebold, Man- 
agement Consultant, Griffenbagen 
& Associates, 6x 9 in., 181 pp. Pub- 
lished by D. Van Nostrand, Inc., 
250 Fourth Ave., New York 3, 
ie oe 

It isa study of the possibilities, limi 
tations and social and economic effects 
of the new machines of the electron 
what they mean in 
terms of jobs, cost of goods and serv- 


era. Such factors as 


es, standards of living, and increased 
isure time are considered 

The author presents a picture of a 
ew era and of the problems of read 
istment and rethinkin 
including 
stories of office and 
tion, 


will be 
actual 


g that 


essary, case 


many 
factory, in educa- 
management and engineering 
[The way in which these problems are 
handled will effect the 


progress be 
erment, and future of us all 


Engineering Manufacturing Meth 
ods by Gilbert S. Schaller, Prof. of 
Mechanical Engineering, Univ. of 
Washington, Seattle, Wash. 6 x 9 
in. Published by the McGraw-Hill 
Book Co., 330 W. 42nd St., Neu 
York 36, N. Y., $7. 


A text 
manutacturing processes 
the major aspects ot 


1 
facture Covers all 


manufacturing 


patte rm 


ings sandless casting 


ind hot shaping; heat 


ng lathes: screw machines: boring 


planing; shaping; milling 


transfer 


machines: welding: and 


, 
siotting: 


broaching: gearing: finishes 


Die-Casting—-Second Edition 64 
Charles O. Herb, 310 pp, 6 x 9 in. 
Published by The Industrial Press, 
140 Lafayette St., New York 13, 
N. ¥., $4.50. 

Lie-casting 


u} 
I 


‘ 
today’s advan 1 practi I thor 
ditior 


asting ma 


oughly covered in tl econd 
Che chapters relating to dic 


hines, die 


asting alloys, and steels 
lies and di 


ensiv ly 


have 
revised. New exan 


compon¢ nts 


duction motor rotor die-cast asa single 
unit around stacked laminations 

Ihe latest models in automatic and 
manually operated die-casting 
illustrated, 
machines of the 
cold-chamber and _ horizontal 
chamber air-operated 
machines, machines 


ma 
fully 
verte al 


chines are 
hydraulic 


such as 


cold 
vertical 
convertible from 
cold-chamber to gooseneck type opera 
An interesting adaptation of 


a vertical hydraulic press to die-casting 


ik 


types, 


tion, etc. 


work 1S also desc ribed 


Investment Castings for Engineers 
by R. L. Wood and D, Von Ludwig, 
6 x 9 in., 477 pp. Published by 
Rheinhold Publishing Co., 330 W. 
t2ud St., New York 36, N. Y., $10. 


a compre hen 


sive description of the important fea 


tures and the 


This volume presents 


advantages and disad 
vantages of investment castings as they 
are now used in industry 
Emphasis is placed upon the design 
that 


uracy Of dimensions 


engineering factors govern th¢ 


attainable ac 


the metallurgical advantages of pr 


I 
products This book de 


what 


$10n Cast 
learly can actually be acco 
plished by th 


tions of the 


commercial modifx 


Recent 


hniques, such as the trozen mercury 


lost wax process 


er 


shell mold pro esses, al 


I 
det iil 


Inter-relationships 


processes are defined 


How to Control Production Costs 
by Phil Carroll, Consulting Indus- 
trial Engineer. 6 x 9 in., 272 pp. 
Published by the McGraw-Hill 
Book Co., 330 W. 


t2nd St., Neu 
York 36, N. Y., $5. 


Both n 
nad 


1a @ 


1en in the management gro 


find this a pra 


and a guid 


ounting will 

tical explanation of costs, 

to keep production costs down wh 
naintaining high quality 

The 

rate product costs and how 

em. A helpful new appr 


applying overhead expensé 


shows how to get 


bow yk 
oach 1s 


terms Of conversion time and 


») in accordance with rates 


aused 
y the different products in multiprod 
industries 
showing step by ster 


2 p how to al 


Product 


Engineering 


ply this control procedure, the autho 
emphasizes five factors: the umportanc 
of accurate sales forecasts; controlling 
production to know deliveries, reduce 
inventory, and shorten the process cy- 
cle; saving excess finishes and tolerances 
with realistic engineering; using incen 


tives; and reporting results promptly 


Production Processes by Roger W. 
Bolz, Assoc. Editor, Machine De- 
sign, 357 pp, 642 x 14% in. Pub- 
lished by the Penton Publishing 
Company, Cleveland, Obio, $7.50. 


Following the precepts of Volume | 
of Production Processes—Their influ 
ence on Design, this accompany 
book carries on to completion the co 
erage Of major manufacturing methods 

As in the previous volume, a portior 
of each chapter 1S devoted to the sele 
tion of the materials 
their processing attributes and possibl 


limitations 


most suitable 


Discussed also are practi 


al shop tolerances which can be held 
under condi 


maximun 


average manufacturing 


| 
tions as well as the usual 


range which can be drawn upon whe 


Techniques of Plant Maintenance 

1952. 182 pp. 842 x 11 mm. Published 
by Clapp and Poliak, Inc., 341 Mad- 
ison Ave., New York 17, N. Y., $6. 


This book IS a 


of formal p: 


] + tr ’ r 
compiet¢ ansct 


I I 
Third 


pe rs deliv ere d at the 
Maintenance spo 

the American Society of M 
Sor iety fo 


Plant Conferen 
sored by 
chanical Engineers and the 
the Ad n 
in January 1952 concurrent 
Third Plant Maintenan 
Philadelphia 

The 


nance 


ent of Management hel 


ly \A th tn 
Show 


Maint 

Maintain Plant 
Buildings, How to Maintain Electrical 
Equipment, Maintenance in Chemical 
Plants, Maintenance in Metal-Produ 

ing and Metal-Working Plants, Project 
Preparation and Cost Control, Preven- 
Maintenance Prob 
Small Plant, Maintenance 
Problems of the Medium-Sized Plant 
Maintenance Problems of a_ Large 
Plant, Training Maintenance Workers 
and Supervisors, and Lubrication 


subj tS COVE ed are 


Costs. How to 


tive Maintenance, 
lems of the 
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SECTION oO 


Fabrication and an 
Production Processes 


Non-Metallic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 








Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening and 
Joining 


Motors, Engines 
and Controls 


Electrical 


and Electronic 
Components 


Hydraulic 
and Ppeumatic 
Equipment 








SECTION D—FABRICATION AND PRODUCTION PROCESSES 


cision Casting of Large Parts 


Designing Stampings for Economy 
Forgings 


roblems in tl 


f Practical Forging Design 


Checkpoints for 
Choosing Aluminum Alloy Castings 
A Survey of Shell Molding Problems 
Cold Extrusion of Metals 

g vs Drawing 


opments to Watch 


Product Engineering — 1954 Annual 


Handbook 



















Forged billets were 


part. Buckets had to be milled out—an operation 
requiring about 80 hr. Produced by casting, cost 


is about $100. 





]. R. BURNS 


visor, Manufacturing Resear 
ell Aircraft Corporation 


Ss 


I 
BIGGER PARTS—some measuring up to 
6 inches in diameter and weighing 
up to 35 lb—currently are being pro 
duced in materials ranging from alum 
num to high temperature alloys by 
the investment casting process. Com- 
ared to the 9 or 10 lb limits that 
have been generally accepted as the 
weights that could be 
poured, these new limits re present a 


aximun 


significant advancement in technique 
and control. They are of especial im 
portance im the aircraft and guided 
ssile industry where limited produc 
m of a prototype often precludes a 
ivy tooling investment for forgings 
nd expensive jigs and fixtures 
However, there are several other 
tors that have added impetus to 
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Fig. 1 (above)—Turbine rotor modified 316 steel. 
used to form this 


Precision Castin 
of Large Parts 





Che investment casting technique is no longer limited to small parts, Castings w eighing 35 


lb can be produced, thus extending the freedom with which the process can be specified. 


the use of the pr 
industry 
1. The complexity required in new 


/ 
4 


aircraft parts. Intricate or compound 
shapes that are difficult, impossible, or 
more costly to produce by other fabr 
cation methods can readily be made b 


\ 


nvestment castings thus pe rmitting 


the design of parts in one piece to 
cut down weight and improve strength 


properties 

». The use of hard-to-machine parts 
tor high temperature and high stress 
Service Many high strength alloys 
formerly considered too difficult to cast 


or which usually resulted in excessive 


scrap can D ist by advanced invest 
I : _ 

ment methods. Currently cast alloys 

nclude stainless steels (AISI types 


303, extra low carbon 304, 310, 31 
316, 410, 420, 430 and 440 C): car 
bon and low alloy steels such as AISI 
1020. 1040. 4130. 4140 1615 150 
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ind comparable materials: cobalt-base 


high temperature alloys: nickel-base« 
high temperatur alloys nickel 


hrome-moly heat resisting alloys 
opper and brass—in fact, any metals 
that are castable. In addition, a wide 
range of mechanical properties beyond 


those obtainable by conventional cast 


ng tec hnigue S$ is possible 

3. The need to reproduce fine d 
tail, reduce cost, and minimize of 
liminate machining. Usually toler 


unces can be held closer by investment 
isting than by most other casting 


and surface smoothness 


It is generally igreed that the min 
; : 
num tolerar ucceptable for econom 


il production on all dimensions ex 


ept those across parting lines or gated 


Surfaces 1S ).005 in. per in. on di 
mensions up to 3 in.; on dimensions of 
g in. or less 0.003 1 in be held 











J Run-out troubles might 
ee ee > have to be corrected here. 
lew a FO006™ .. 


’ joan a ta009"— -—>| , 
Tee 4," +0002" : . 
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All surfoces straight +0.001" per inch 
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per inch 
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Threaded thickness +0.001" 


y 2a 
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Hold this /, dimension too close and the important 
ones must be given lorger tolerances 
Fig. 3—Variations of tolerances with dimensions. 


As with other fabricating 
easier to hold than others. 


methods some dimensions are 
Tolerances should be <pecified only as close as the function of the part requires 


\ ‘ 
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ondary investment, which is a rela 
tively coarse mixture of silica, calcined 
clay and liquid binder, is poured into 
the flask on a vibrating table to insure 
packing completely, thus bringing 
about complete support of the thin 
primary investment enveloping the ex- 
pendable pattern. Following the solidi 


ncation 


period of the ondary 


I 
ment, the steel plat 


ing only the pouring cup that is at 


invest 


is removed, leav 


tached to the spruc exposed, while the 
pattern is embedded in 
ment mold. The 


up downwards on 


a solid invest 
mold is then placed 
a grid and con 
veyed through a drying oven to con 
pletely dry and burn out the expend 
able pattern. The mold 
which now has the detailed configura 


tion of the pattern 


cavity of th 


1S ready 
heating up to temperatures as high as 
850 F: this pre-heat is d 


for pre 


f nined 
by the casting characteristics of the 

| Once 
the mold is rapidly 
to th 


which contains suff 


} 
metal oured at tempera 


to he 
; } 


transferred 
and clamped 


x 
one mold. A seal is formed using an 
, 


ispestos washer 


the mold and the spout of the machin 


The casting machine is then inverted 
on trunnions, permitting the molt 
tal to en the mold by gravity 

S iltaneous! DOs , apeneee 

hehind } } 


i 
pendages. Soft metal molds can b 
used to cast the patterns, although for 
onsistent results, steel molds are used 
The waxes have the disadvantage of 
requirin mmediate investment sit 
their soft structure, poor rigidity and 
low softening and distortion poir 


pr clude 5 ee SSIVE handling or stortr 
for any length of time 
P ‘3 


substantial pattern material thar 


Polystyrene is a much mor 
wax 
because of its dimensional stability 
ind rigidity 


handle d 


Plastic patterns can be 
without distorting or break 
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ing, and can be stored for long periods 
without deterioration 

Polystyrene patterns require a more 
costly injection molding die, especially 
vhere intricate shapes are involved 
However, the higher cost will usually 
be offset in a run of 5,000 to 10,000 
pieces, and production beyond this 
quantity will net a considerable sav 
ings. The plastic pattern is therefore 
idvantageous when production quan 
tities are high and design fairly sta 
bilized Other 


uracy and uniformity that can be 


advantages are the a 


obtained 
Frozen Mercury. The most recent 
pattern material used is mercury which 
is poured into dies and frozen below 
10 F pr This 


I 
is expensive because of the equipment 


method 


rto nvesting 
required to operate at subnormal tem 
peratures and because of the 
equipment costs 


Such patterns are very smooth b 


ause of the high surtace tension of 


mercury in the liquid form. Solidifi 


ation characteristics 
tendency to cavitate and very heavy 
ind thick sections are mad 

difficulty. The high fluidity of th 
mercury t 


nad Ww thout 
also permits productior 
patterns that have extensive areas of 


th Nn wall sections ofr 


Compound patterns of wax and 






sa ]] | 
smaiier in Size DY 


n 1S eS 
durable alloys 
Threads, either internal or external 
of any sizes from those used on small 
nstruments up to sizes of 1.00 In 
more can be produced by this process 


Very seldom are their accuras S ClLOS 
No. 2 fit 


Contours of threads, of gear teeth 


than 


and of similar shapes ar 
produce than it is to hold 
racies An\ 


| 
be produced 


nown thread contours 
and as far as true and 


contour of a thread is con 


accurate 
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erned, the 


process S accurate tor th 
great majority of purposes 
Holes, recesses and chambers of 


larger diameters can be of any sii 


that will leave adequate thickness of 
sections in_ the 
Holes 

follow curved 


unces can be 


walls of the piece 
in be of any shape and cat 
paths Chamber en 
tr smaller than their mair 
diameter. Small holes are dependent 
upon their lengths, location and their 
depths, and on whether or not they 
Oo be open at both nds so that 
tiny rods of inv 
iently support 
poured 
Extremely severe undercuts can 


produced a slightly higher cost 
t oling and 


Hollow 


part piece 


parts can be produced 
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provide passages tor liquids or gases 


or to reduce the weight of a part In 
should hav 
lear through passages. These 


sofar as is practical they 
1SSaAY 


, 
I 
io not have to go straight through 


they can follow curved or angular 
iths, they can vary in width and di 
neter and in cross-sectional shap 


Part Development 


The high cost of tooling for larg 
omplex parts necessitates careful d 
en and development prior to making 

final pattern mold. The use of 


nas he ly 


or to mak he finished Id 
oO word of ition: Th rd 
I oO su h larg parts S 
g | cedur n the invest 
istit ndustry as yet. Only a few 


npanies have advanced to this stag 


However, th success gained so f 

s xT ted t stimulate activity 
rg isting production. Advan 
nts in tooling and in investmer 

refractory materials ar xpected t 

reduce costs and produce larg ast 
gs of assured soundness and ex 
nally smooth surface finish 


Ds 





Designing 


tampings tor Econom 





-~ 3 
¥ 


on EDGES NOTCHES 
¢~ “RECOMMENDED 
. « NOT RECOMMENDED 
ty 


x 


6000 BETTER 
If drawing is involved, the depth of draw in 
relation to size or diameter should be as shallow 
as practicable to keep the number of operations 
to a minimum. As the depth increases beyond 
that attainable with a single operation, more 
dies are needed for the additional operations 
which results in an increase in tooling and 
manufacturing costs. 





GRAIN DIRECTION 


~ OD 


HEAVILY STRESSED 
PARTS 





O 











rection of grain 


Since sheet metal is strongest in the direction 
of the grain and is most resistant to fracture 
when bent across grain. The direction of the 
grain of the metal should be considered when 
designing heavily stressed parts and specified on 
part drawing when deemed necessary. 





NESTING 


Enel 
Soon 

















The blank development of stamped parts should 
be arranged to minimize scrap. By slight re- 
design, in the arrangement of the part on the 
sheet or strip from which they are blanked 
much can be saved in production cost. 

















oe aoe = 





“- Original size “-New size 


4-Proposed notch 


(A) Parts should be studied for projecting 
corners or flanges that can be cut off without 
sacrificing strength or welding surface. 


B ‘Site 


-- 


=a 


' 
L—--< 


SW NOT RECOMMENDEC 


(B) Te reduce cost of blanking dies, parts 
should be designed so that straight edges can 
be maintained on the fiat blanks. 


C  <-- PREFERRED 
’ ACCEPTABLE 
NOT RECOMMENDED 


| DD 
(C) Feather edges should be avoided to minimize 
die maintenance. These edges are difficult to 


maintain as they tend to break off in the die 
and thus increase cost and maintenance 





D MM 





(D) Parts cut from strip stock should have 
corners which are partly formed by the edge 
of the stock, sharp and approximately 90 deg: 
corners not partly formed by the edge should 
be round, wherever possible. 

















(A) The radius of the vertex of a notch should 
be as large as possible to prevent tearing; « 
minimum of twice metal thickness and a 60 
deg angle notch is recommended. Notches with 
a sharp “V” at the vertex are not recommended 
as this is where tearing usually starts. 





B 








<-—-WNotch in blank 


stortion coused by forming 





ya 


(B) If a notch is to be put in a blank re- 
quiring subsequent forming in the vicinity of 
the notch, allowance should be made in the de- 
sign for distortion that might be caused by the 
forming operation. 


N A-A 


Moy be used 
on he y 
sed 


ports 


(C) One wide notch or a number of smaller 
notches at corners of a folded edge eliminates 
gathering of metal in the flanging operation. 














Properly designed ribs add rigidity to angles 
and flanges. Irregular sides allow for rib when 
part is made from strip stock. A radius of less 
than four times metal thickness will usually 
tear and cause part failure. 





D> 
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use 


out 
give 
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al 


NDED 


should 
ng; @ 
a 60 
» with 
ended 


rming 


nk re- | 


lity of 
the de- 
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minates 
ition. 
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| angles 
ib when 
; of less 
usually 








Stampings, well adapted to quantity production, are often 
used to effect a cost saving in material, machining, and 


shipping. Following are recommendations for their de- 





sign, as developed 
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by the engineering department of the 


Ford Motor Company and further outlined in the SAE 


Drafting Room Standards. 











SECTION A-A 
Section A-A Zs \ 
“Formed in same 


rectio 
dire ”n 


Beads of the type shown 
in (A) should be formed 
in the same direction as 
the outer flanges to facil- 
itate die construction. 








a ———<$—_——_ 
A t 0 E | 
| Rodi Rod Ro 
ae | } 4 + 
7 
0.25 T 4T tT | 
| 0.38 T 47 T 
0.50 | 2 2 3 2 
tc é 4aT 2T 
075 | 5ST 6T al aT 
00 | 5ST 51 47 37 


L — + - 4 
The beads shown in (B) and (C) are typical 
and recommended for use in all possible ap- 
plications. These have been designed so that 
the angle of the sides will normally allow their 
use on flat, angular and curved surfaces with- 
out producing back draft. Chart information is 
given for depressed or internal beads. 


E The radii are deter- 
mined by substituting 
the metal thickness 
for T, and multiples 


of T, in each in- 
stance. A radius less 
than recommended 
causes tearing at the 
bead 








FLANGES 


A Twice metal thickness -—— 
(minimum) | 




















(A) Tapered flanges should be cut off so that 
the narrowest section will be at least twice metal 
thickness measured from the radius center. 


B Twice meta/ thickness --- 


(minimum 








Y 
ceaz2Zz 2 == 
oe 


(B) Outside flanges and flanges around openings 
should have a height of at least twice the metal 
thickness measured from the radius center. This 
serves two purposes: 1) eases the forming of 
the lip, and 2) provides a surface for attaching 
covers and other members. 


























Cc 
c + SS SS = 
a 
: 
° ——— ee ee 
| 








(C) Where flanges extend over only a portion 
of a part, it is desirable to punch a notch or 
hole at the end of the flange to eliminate tear- 
ing of the metal. This is also a method of reduc- 
ing stress concentration factors at the intersec- 
tion of the two surfaces. 


D Twice metal thicknes-----4 
(minimum) Z 


' 
© ' 
j 
7 
/ 
~ >| : 
Rk 


(D) Flanges left by trimming should have a 
width of at least twice the metal thickness meas- 
ured from the radius center. 








(E) Where a sharp edge is not objectionable on 
a drawn part, the flange may be trimmed close. 
(F) Flanges can be eliminated on some drawn 
parts by adding an operation to form them up 
after trimming. 




















< -— Sharp shoulder Surplus 
G , ; metal 
° ‘ 
' 
4 A 
A fy Vig 
Y fi YA fi 
YY fs Y /f /, 
GA J fj 
yy LL T/A f/\ 
- # 
4--Stamping +-Die 


(G) Flanges can be removed from some drawn 
parts by combining a pinch trim with the 
drawing operation. 











RADII 8 


t 
A ” 
+ t 
r-T %, 
t 
t 4 
x 
4 


— & - 











(B) 
Bend wonce 
(A) The following formula may be used 
for blank development: Total Length A 
+ B + Bend Allowance. Bend allowances 
shown in the chart, are computed by the 
following formula 


Bend allowance * (R + 1/3T) in 


both radii should be as large 


Angle of bend as 


Minin 4 







GAGZ; 


A small radius on a 


punch is liable to fracture 
the metal between the punch 
and die because of a pinching 
action, whereas if the punch 
has a large radius, the frac- 
ture may be avoided. (C) 
Where a flanged piece is bent 


the shape of an offset, 





possible. 
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A ry 
¥ a [| —— A 
i 
A R NO a + QU ARE I 
Metai Thickness, Distance / Met Thickne dist e 5 z 
" . nes nches M ne 
Inches Min es 
=| — — muiadai + we 
| | ¥ 
Up to 0.062 | t | i8 } 5 
r Met | Twice Met 
Over 0.0€ no A * XX | thickness U 
| 
= ~ Be 
TANDAR NCH SiZE 
Cc ’ END PRONG BINDING STRIP 
dole Shope Metol Thickness, unch re, in 
as a mimes — ——— — = - 42 _ ‘ 
| ¢ 7/8 ~ ~ Pes 
| lo} *| ess ts of 64 
— B a 
Hole 6 to 7/8 . t 
reoter thon 
Greo ement f 64 
t— 
| O x 25 to 707 x C + 
>Q re | t 
Holes [ 5 x 265 to 4 x 707 . | 
reater thon ement .¢ i 
~ C 
} ‘ 
a uae 1 
. ” - + t f 64 x 1/32 
blong PRONG FASTENING STRII 
dole aaa 8 * 8xl/4 ¢ x 
reo 
n increments of 1/64 x 
a " C 
* NOTE rements must remainin proport 
- 
= | 
V ess thantwice —» ~ 7 “4 s 
D netal thickness » a 
(FT TR , | 
i Y 
Y 
+ 
>) 
enema dp as ane» 
Ww ete n t , 
th. an terpunch e 
" 
T ] 4 » be D 
i 
A i 
‘ ' 
Nos 
4 ' A 
i 
A) and (B) The distance between holes or 8 ] | yg 
between a hole and a trimmed edge is governed i 
by stock thickness, hole size, punch shank size. v0.9 ae ge x =e 
type of hole and die steel strength. (C) Hole S 
edges should be separated from a line normal - 
to the metal face and through the center of N 4. ) \ 
the radius at a bend by an amount egumi te f[.w. tren it i awesh tt § Freewheoee= 
at least twice metal thickness. (D) Standard ‘ 
size punches—examples of which are shown in 4 : PRONG BINDIN TRIF 
the table—save the time and expense involved : 
in making special punches. (E) Standard sizes » ag 
for counterpunch and hole diameters. The » 4 Standardizing on the shape and dimensions of 
charted dimensions are for screw heads only: 4 { trim tabs and retainer prongs will simplify tool 
when a lock washer is used, allowance must ¢ ae | design and frequently reduce inventories. The 
be made for the washer. designs shown in sketches A to D are those speci- 
& 
V/ fied in Ford Motor Company standards 
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| CLINCH NUTS-— Depression and Hole Dimensions 
! num edge dist e ARE | ; y T 7 , 
Cc QUAR 4OLE Ss x w 
| tint Threads Moximum Hole Swaging 
: per Mevet Size, Punch 
3'z¢ inch Thickness, inches Inches 
Inches | 
| -—_—___-_-_---—— — —~——— ee ——— 4 
| No.6 32 | 
No8 32 | | 
0.378 | 92 
HOLE No.!0 32 0.037 0359 
: 0.375 0.388 
No.12 24 
(A) Clinch nuts with flat surfaces should be * 0.0/6 moximum radius pole \/4 28 
. for . 
assembled with the flat surface facing the edge or assembly q i 4 4 
of the metal. (B) Dimensions for round de- Le Tosuit _.) No.i2 24 10378 0.392 
pressions for clinch nuts. holder 246 
1/4 28 0.375 0.388 
| 003"R | 
7/7) ] ] = 
B No.l2 24 
, 1.378 ). 39% 
- < { rR 
| | 0.375 0.388 
Y 4 28 
, I r "y a 4 ; + —_— 
0.38 — 378 0.392 
{ \ : * a 20° 4 28 +4 1 o375 3 
4 emma meme de | 0.588 
y T > I + + | —_— 
Y * = { --R- 2 5/\€ 18 0440 0.445 
| | 0.062 
, € 24 | 0437 045! 
B 
rt } + + | 
| K 6 : - 0.503 | 0.518 
ROUND + S/I€ 24 0.500 | 0514 
a kx } ; t + 
© 6" | 
—- —+—— 
| TT - a4 
| 7 ly r S/16 ite . 565 > §B¢ 
t + + + 3/8 4 
| 24 | rf 
. | 2° } 
re 
24 _— 4° 1S€ : (C) Dimensions for square holes for clinch nuts 
| 28 | 4 AY x The swaging punch sizes are provided for refer- 
~ + 4 . ~ ence purposes only, but such information may be 
; & - required to determine tool clearances. 
"| 28 N A-A 
} } } , 
| 18 — - 
ese | 
| 24 
| y 2° ee ‘“ 
t . TOLERANCES—Ferrous Sheet and Strip 
16 645 2¢ 
; — Specifying other than standard tolerances on sheet and strip are given in Tables V to IX 
Bh ee | | sheet and strip will greatly increase cost and Standard thicknesses also should be specified 
: oe decrease availability. Standard tolerances for not only on nonferrous bat on ferrous sheet and 
88 as strip and sheet steel thicknesses established by strip. If none of the standard thicknesses meets 
| ; oo the American Iron and Steel Institute are shown a specific design requirement, another more 
f | a t T in Tables I to IV. They are given to permit suitable thickness may be chosen. In exceptional 
/ bie determination of tolerances where stock size cases, any thickness may be chosen, if required 
- 822 ‘ employed in manufacture is known to the de- to meet an unusual design problem. However 
T 9 ar —_— signer or project engineer. Standard tolerances the practice of using non-standard thicknesses 
3 . for brass, bronze, aluminum, and magnesium should be avoided 
) + + + + 4 . ar . . 
gE 382 Table I—Tolerances for Hot Rolled Carbon Steel Strip 
> R96 2390 (Coils and Cut Lengths) 
+ + + t 4 
TAL; THICKNESS, IN 
| 18 ¢ aq* 
‘ | 4 i 
t 4 
| 0.0255 ¢t 0.0344 to 0.0568 to 0.1180 to 0.1875 to 0.2031 t 
18 0.0343 incl 0.0567 incl 0.1179 incl 0.1874 incl 0.2030 incl 0.2299 in 
= + + + 4 
he 4|3 
¥/1€ d€ a ¥ 
S ao See WIDTH, IN THICKNESS TOLERANCE—PLUS OR MINUS 
on iC 203 | 0.450 
4 - 32 213 55 Up to 3.50 Incl 0.003 0.003 0.004 0.00 0.006 
r a ——— ont 3.50 to ¢ Incl 0.004 0.005 U0 Ut 0.006 
J 6" M nur 6.0 to 12 Incl 0.005 0.00 0.006 0.006 
of 
ool | 9 Preter ‘ 1 1 i j 
The Thickness measurements are taken 0.38 in., from edge of strip on 0 or wider and at any place 1 
Pci R = Met Thicknes the strip when narrower than 1.00 The given tolerances do not include crown 


Product Engineering — 1954 Annual Handbook Do 








Designing Stampings for Economy—Continued 





TOLERANCES—Ferrous Sheet and Strip—continued 
Table Il—Tolerances for Cold Rolled Carbon Steel Strip 


THICKNESS 0.005 IN. AND THINNER TO 0.031 IN. INCL 


WIDTH, IN 
0.005 & 0.005 to | 0.009 to 0.011 to 0.012 to 0.019 to 0.025 to 0.028 to 
Thinner 0.009 incl 0.011 incl. 0.012 incl 0.019 incl 0.025 incl 0.028 incl 0.031 incl 


0.50 to 0.99 incl 0.0005 0.00075 0.001 0.001 0.001 0.001 0.001 0.0015 
1.00 2.99 0.0005 0.00075 0,001 0.001 0.001 0.001 0.0015 0.0015 
3 >. 0.0005 0.00075 0.001 0.001 0.001 0.0015 0.0015 0.0015 

AR, 0.001 0.001 0.0015 0.001 0.0015 0.002 0.002 

12 0.001 0.001 0.0015 0.0015 0.0015 0.002 0.002 

0.001 0.001 0.0015 0.0015 0.002 0.002 0.002 

0.001 0.001 0.0015 0.0015 0.002 0.002 0.002 

0.001 0.001 0.0015 0.0015 0.002 0.002 0.002 


THICKNESS 0.031 IN. TO 0.2499 IN., INCL 


WIDTH, IN 0.031 to 0.034 to 0.039 to 0.049 to 0.068 to 0.099 to 0.160 to 
0.034, incl 0.039, incl. 0.049, incl. 0.068 incl 0.099 incl 0.160 incl. | 0.2499 incl 


50 to 0.99 incl 0.0015 0.002 0.002 0.002 0.002 0.002 0.002 
00* 2.99 0.0015 0.002 0.002 0.002 0.002 0.002 0.003 
6 0.002 0.002 0.0025 0.0025 0.0025 0.003 0.0035 
0.002 0.002 0.0025 0.0025 0.003 0.003 0.0035 
12 0.002 0.002 0.0025 0.0025 0.003 0.003 0.0035 
16 0.002 0.002 0.003 0.003 0.0035 0.0035 0.0045 
a 0.002 0.002 0.003 0.0035 0.0035 0.0045 0.005 
= 33.0 0.002 0.002 0.003 0.0035 0.0035 0.005 0.005 


Thickness measurements are taken 0.38 in. from edge of strip on 1.00 or wider and any place on the strip when narrower than 1.00. The given tolerances 
do not include crown 








Table I1l1—Tolerances for Hot Rolled and Hot Rolled Annealed Sheets 
(Coils and Cut Lengths. Including Pickled Sheets) 


THICKNESS, IN 


0.01414 0.0142 | 0.0195 0.0255 0.0314 0.0344 | 0.0389 | 0.0509 0.0710 | 0.0822 1420 | 0.1800 | 0.1875 
WIDTH, IN Thinner! 0.0194 | 0.0254 | 0.0313 0.0343 0.0388 | 0.0508 | 0.0567 0.0821 | 0.0971 1799 | 0.1874 | 0.2299 


0.002 0.002 0.003 
0.002 0.002 0.003 0.003 0.004 
0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.005 
0.002 0.003 0.003 0.004 0.004 0.005 0.005 0.606 0.006 0.007 0.007 0.008 
0.002 0.003 0.003 0.004 0.004 0.005 0.006 0.007 0.007 0.008 0.008 0.008 
0.002 0.003 0.003 0.004 0.004 0.005 0.006 0.007 0.007 0.008 0.009 0.009 
0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.006 0.007 0.008 0.009 0.009 0.009 
0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.006 0.007 0.008 0.010 0.010 0.010 
0.004 0.004 0.005 0.006 0.007 0.008 0.010 
0.005 0.005 0.006 0.007 0.008 0.009 0.011 
0.008 0.009 0.012 
0.010 0.012 
0.012 


Thickness is measured at any point on the sheet not less than 0.38 in. from an edge. 








Table I1V—Tolerances for Cold Rolled Sheets 
(Coils and Cut Lengths) 


THICKNESS, IN 


.0112& 0.0113 0142 0.0195 0255 0.0314 0389 0509 0710 0.0822 0972 0.1420 0.1875 
Thinner 0.0141 0194 0.0254 0313 0.0388 0508 056 0821 0.0971 1419 0.1874 | Thicker 


‘ 
002 003 003 0.003 004 > 0.005 005 006 0.006 0.006 0.00 
002 0.003 003 0.003 004 005 005 006 0.00 0.00 0.00 
002 003 0.003 0.003 0.004 005 005 006 0.00 0.00 0.00 
002 003 0.003 0.003 004 0.005 006 006 0.008 0.008 0.008 
002 003 003 0.0035 004 } 005 006 007 0.009 0.009 0.009 
002 ).003 0.003 0.0035 004 > 005 006 007 0 009 0.010 0.010 
002 0.003 0035 ).0035 004 005 006 00 008 0.010 0.010 0.011 
004 0.004 005 00€ 0.007 009 0.010 0.011 0.012 
).004 0.004 0.00 > oof 0.00 009 0.011 0.012 0.013 
0.012 0.012 0.014 

0.012 0.012 €.01 


Thickness is measured at any px ) sheet not less than .3 m an edge 
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TOLERANCES—Non-ferrous Sheet and Strip 
Table V—Thickness Tolerances for Bronze 
(SAE 77 Strip) 
THICKNESS, IN 


0.0171 
0.0210 


0.0131 
0.0170 


0.0211 
0.0260 


0.0261 
0.0370 


0.0371 
0.0500 


0.0731 
0.1300 


1.1301 
0.1880 


0.0040 & 
Thinner 


0.0041 
0.0060 


0.0061 
0.0090 


0.0091 
0.0130 


0.0501 


WIDTH, IN 0.0730 


to 8 Incl 0.0003 0.00065 0.00075 0.001 0.00125 0.0015 0.00175 0.00225 








Table VI—Thickness Tolerances for Brass 
(SAE 70 & 79 Strip and Sheet) 


THICKNESS, IN 
| 0.0040 & 
Thinner 


WIDTH, IN 0.1301 


0.1880 


0.0171 
0.0210 


0.0501 
0.0730 


0.0061 
0.0090 


0.0091 
0.0130 


0.0131 
0.0170 


0.0211 
0.0260 


0.0261 
0.0370 


1.00175 
0.002 
0.00225 


0.0015 
0.00175 
0.002 


0.0002 
0.0004 
0.00065 


0.0003 
0.0005 
0.00075 


0.0004 
0.00065 
0.0009 


0.00075 
0.001 
0.00125 


0.001 
0.001 
0.00125 


0.00125 
0.0015 
0.00175 


to 8 Incl 
8tol4 “ 
14to20 “ 








Table ViII—Thickness Tolerances for Aluminum 
(SAE 25 & 29 Sheet) 


THICKNESS, IN 


0.006 
0.00 


0.008 
0.010 


0.018 
0.028 


0.046 
0.068 


0.029 
0.036 


0.037 
0.045 


0.069 
0.076 


0.0 
0.096 


0.097 
0.108 


0.109 
0.140 


0.001 0.00 0.009 


0.001 
0.0015 


0.0015 
0.0015 
0.002 


0.0015 
0.002 
0.0025 


0.002 
0.002 
0.0025 
0.0035 


0.001 


0.0025 
0.003 
0.004 
0.005 
0.007 


0.0025 
0.003 
0.004 
0.006 
0.008 


0.003 
0.003 
0.004 
0.006 
0.008 


0.003 
0.004 
0.005 
0.007 
0.009 
0.010 


5 


0.004 
0.004 
0.005 
0.007 
0.609 
0.010 


0.006 
0.006 
0.008 
0.009 
0.011 

0.012 


5 
5 


0.007 
0.009 
0.011 
0.013 
0.015 


0.009 
0.011 

0.013 
0.015 
0.01 








Table VIII—Thickness Tolerances for Aluminum 
(SAE 20, 24, 201, 240 & 281 Sheet) 


0.007 to 
0.0190 incl 


0.011 to 
0.017 incl 


0.018 to 
0.028 incl 


0.029 to 0.037 t 


WIDTH, IN 0.036 incl.'0.045 incl 


0.001 
0.0015 


0.0015 
0.0015 


0.0015 
0.002 


0.0025 


0.002 
0.002 
0.0025 


0.002 
0.0025 
0.003 
0.004 
0.005 


THICKNESS, IN 


0.046 to 0.069 to 


0.068 incl. 0.076 incl 


0025 
003 
004 
005 
006 
006 
007 
008 
009 


0.003 
0.003 
0.004 
0.005 
0.006 
0.608 
0.010 
0.010 
0.011 
0.012 


0.077 to 
0.096 incl. 0.108 incl.|0.140 incl 


0.0035 
0035 
004 
005 
006 
008 
010 
010 
oll 


012 


016 
018 
0.020 


0.097 to 


0 
0 
0 


0.109 to 


0045 
0045 
005 
005 
00 
010 
012 
013 
014 
016 
018 
020 


0.141 to 


0.172 incl 


006 
006 
008 
008 
009 
012 
014 
015 
016 
01 
019 
0.023 


0.173 to 


0.203 incl.'0.249 


0.00 
0.00 
0.010 
0.010 
oll 
014 
016 
01 
01 
01 
022 
0.026 


0.204 t 


nel 


0.009 
0.009 
0.011 
0.011 
0.013 
0.016 
018 
018 
018 
018 
024 
28 








Table 1X—Thickness Tolerances for 


WIDTH, IN 


0.015 to 0.036, inclusive 


Under 
36 to 50 


36 0.002 


0.0025 


THICKNESS, 


» 0.050, 


0.0025 


0.003 


inclusive 


IN 


Magnesium Strip and Sheet 


0.003 


0.004 


> Percent of 
5 Percent 


sheet 


of sheet thic 


thickness 


kness 
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From ASME Paper 
The Machinist 


Table I—Effect of Size on Minimum Mechanical 


Properties of Hand Forged 


14S-T6 Alloy 





Yield Strength, psi 


Elongation 

















Short - 
1. fransverse Long 
_ @ Longitudinal fronsverse 


Long 
' transverse 


Short -' el 


tronsverse 





f Desired : 
thickness y 
4 4 i s 


© Minimum forgeable 
thickness pilus die 
closure tolerance 





Channel type design 





(\ Desired ; 
| \, thickness f 
re = 
Dame Es es \ 
U 
'- Raised pod 


r Dre closure 
tolerance p 


\ = | \ 
Nomina/ \J 
thicaness 
Machining of Machining of 
nominal forging forging with tugh 
die closure tolerance 


Effect of die 
closure folerance 
on cross section orea 


Roised pad type design 


'~Punchout 


Vv 
‘. Desired thickness 





fe 


Machining of 
nominal forging 


Machining of 


forging wit high 
die closure toleronce 


Punch out design 


FIG. 2 





Problems 


T S Strength, psi 0.2% offset er t 2 in 
P 
Are I g 
Longi Long Short Longi Long Short L I Short 
tudina trans trans tudinal trans trans tudina t S trans 
verse vers verse Verse verse erse 
Up to 16 sq. in. in Up to 3x ith in 65,000 62,000 59,000 55.000 55,000 55.000 10.0 6.0 3.0 
More than 3x widtl 65,000 62,000 59.000 55.000 55,000 55,000 10.0 +.0 2.0 
Or 16 to 36 sq Up to 3x width inc 65,000 62,000 59,000 53,000 53,000 53,000 9.0 0 2.0 
m More than 3x widtl 65,000 62,000 59,000 53,000 53,000 | 53,000 9.0 3.0 1.0 
Over 36 to 144 sq. Up to 3x width incl 62,000 59,000 56,000 50,000 50,000 50,000 7.0 3.0 1.0 
( More than 3x widt 62,000 59,000 56,000 50,000 50,000 50,000 0 2 1.0 
Over 144 to 256 sq Up to 3x width inc 60,000 57,000 54,000 48,000 | 48,000 48,000 5.0 2.0 1.0 
m M than 3x widtl 60,000 57.000 54,000 48.000 48,000 48,000 5.0 l 1.0 
Chart Courtesy of Alcoa 
Long 
fronsverseé 


in the 


How strength requirements, weight, cost, 


c he us wt large t g strength, th plan irea he torgin 
has been stimulated by d Is { $s not particularly crit however, th 
greater structural efficiency 1 | hickness and cross-s | area ar 
potential nd produ ) il, for as they u he ma 
ot th n pr ss progra M “ | rial pro} if S 1 reas wo 
signers will agree that a gain in s portant ways 
tural efficiency can result from th 1. The material | s less 
of larger mponents prop tly d form and is lower in strength 
signed. Other factors, how t ductility. This condition results f1 

1d 1: (1) Size, (2) weigl 1 reduction in working of th 

(4) press pa ul espe illy tow 1 t 
j i few of th the billet 
The du ter 
Size of Forging aernmane j ’ ah 
Ss orgings used 1 get arked dect nsvers 
ry structural component lirect . 4 1 y is 
tt of s on strength chara 5 ountered rse d 
ry portan In cd f ms 
Th nditions ar il 
yrtan n al \ 
Fig. 1—i(left, above) The differences ms in s h and 
in strength and ductility become even bed dis ns with 1 ; 
more pronounced as directionality is nd thickness are show Fables 
considered. A longitudinal element on mae “ia : 
a small billet develops an ultimate , au ind | : This da x ; 
tensile strength of 75,000 psi while a u cally \ iS 
short transverse element in a large bil- hand-forged billets v lif 
lets develops only 64,000 Ib per sq in. l 1. It should b t ha 
Ss t | the ul udit 
Fig. 2—(left) Several methods used to nsile str th of | a than 
obtain the desired thickness taking in- oq mm. 10 b iS 4,0 sreater th 
to consideration die-closure tolerance D llets it 2D S urea. | 
and the possibility of machining excess tn Sal billets in th 
material from the design types shown. longitudinal ¢ ( fro 

















Table 1l—Effect of Size on Minimum Mechanical Properties of Hand Forged 75S-T6 Alloy 





Area 


1 
inci 


Up to 16 sq. in 


Length 


Up to 3x width incl. 


Yield Strength, psi 
0.2% Offset 


Tensile Strength, psi 


Longi Long Short Longi 
tudinal | trans- | trans- tudinal 
verse verse 


75,000 75,000 72,000 64,000 


More than 3x width 73,000 | 73,000 70,000 62,000 
Over 16 to 36 sq. in Up to 3x width incl 73,000 71,000 68,000 61,000 
ncl More than 3x width 71,000 69,000 66,000 59,000 
Over 36 to 144 sq. in Up to 3x width incl 71,000 | 69,000 66,000 60,000 
incl More than 3x width 69,000 67,000 64,000 58,000 


Elongation 
Percent in 2 in 


Long | Short | Longi Long | Short 
trans trans tudinal | trans trans 
verse verse verse vers 
63,000 63,000 9.0 4.0 1.0 
61,000 61,000 8.0 3.0 1.0 
60,000 60,000 0 3.0 1. 
58.000 58,000 6.0 2.0 1.0 
58,000 58,000 4.0 2.0 1 
56,000 56,000 3.0 1.0 1.0 





Chart Courtesy of Alcoa 


Design of Large Forgings’ 


and press capacity effect the design of very large forgings. 


percent in the small size to 4 percent 
in the large billets 

Although the foregoing examples re 
fer to hand-forged billets, equivalent 
differences are likely to exist in the die 
forgings with similar thicknesses and 
cross sectional areas 

The reduction of strength 
elongation with increase in 


and 
thickness 
are a natural phenomenon with metals 
and are not serious as long as pro 

for them in the de 


sign. With the growth in forging size, 


visions are made 
it is essential that the following pre 
cautions complement the normal design 
practices used in smaller forging de 


sign: 1) maintain the smallest possible 
cross sectional area compatible with 
final part requirement; 2) avoid ex 
cessive thickness: 3) avoid loading in 
the short transverse direction: +) a 
count for reductions in strength and 
elongation caused by size effects: 5) 
specify rough machining of forging 


to obtain maxi 
mum material properties and corrosion 


prior to heat-treatment 


resistance: and 6) carefully consider 
the grain direction for orientation with 


respect to loads 
Forging Weight 


The potential of weight reduction is 


one of the prime reasons for encourag 


Product Engineering 


ing the use of large forgings Sub 
stantial savings in weight can result 
from the elimination of joints and e 
efficient dis 
position of material. Care must be exer 
however, to prevent weight 


penalties resulting from the use of the 


centricities and a more 


cised, 


forging itself 

The attainment of maximum el 
ficiency in structures demands that a 
minimum amount of material be used 
and that the material work to the high 
est possible stress level. In beams, th 
web thickness should be no greater than 
required by the shear load. The caps 
should taper in area with the variation 
of bending moment to maintain high 


stress levels. The beam cap centroids 
should be as tar re moved from th 
neutral axis as possible to produc 


maximum section properties for mini 


mum weight. These requirements have 


brought demands for thinner webs and 
smaller draft angles in die forgings. If 
thickness and draft cannot be 


g blank, then 


suitable 
produc d in the die forgin 


they must be machined into the finished 
part 

Several design configurations, Fig 
have been used to obtain desired thick 


The 


ommended 


ness at low cost channel ty 
design is highly re wher 


The Y dimension 


it can be used 
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be accurately held t 


since the cavity 1s 
and the di 
closure tolerance is accumulated in the 


entirely within one die 


web which can easily be reduced in 
thickness by a simple slab-type cut. As 
a result, the weight of such parts can 
be very consistent. The raised-pad-typ« 
of design can be used where an “I 
section is desired. This 


onfiguration 1s 


satisfactory, if there is zero die closure 
tolerance. If large closure tolerances 
exist, weight control with simple min 


mum machining may not be possibl 
Punchouts are always satisfactory pr 


viding die closure tolerances can be 
minimized 
Design suggestions for economical 
production of dies and parts I 
' { 
found forging handbooks and ft 
] +} , 
he fe 


ng room manuals. (See also 


contained 
rorgings, 


equally to large d althoug! 


xperience with new heavy presses n 

se some of the mor onservat 

ommend ns given 

Web thick sses will d reas I 
* Design , he tat ‘ Lars 
dis mur Forgan \ Andrew Dougla 
Aircraft ( 
Wha are ; ' nitals Lars Forgin 
Presse G \ K 7 High D A 
Ltd., Engla 





aluminum P t is ab 
were made before using the c 


Table 11]—Cost Relationship for Several Forging Designs 





Design Type 


Hand forged billet 
Blocker die, 
Blocker die, 


15,000 ton 
18,000 ton 


Die Cost Set Machining 
Total unit up charge and and tooling 
cost, percent piece price, cost, percent 
percent | 
100 39 61 | 
77 43 57 | 
12 +6 54 | 
63 61 39 


Interim forging, 18,000 ton 
Refined forging, 35,000 ton 





larger Capacity presses Zo into opera 
but if 
tinue to remain at their present levels, 
the thinner webs will be of little value 
Assuming that a 5 percent weight 
tolerance is reasonable, a forging with 
) to have a 
dic tolerance of 0.0125 in 
Tolerances of this magnitude may be 
possible but at present, recommended 
die closure tolerance on a part of 1,200 
area with 0.75 in. web thickness 
is 0.19 in., which is 25 percent of the 
thickness. In terms of weight, this addi 


tion die-closure tolerances con 


0.250 in. webs would have 


closure 


Sq in 


tional material would amount to 22 Ib 
if not removed by machining 

will be 
35,000 ton and 


) 


2.000 Sq in., a 


Areas exceeding 2,000 sq in 


possible with the new 


50.000 ton presses In 


tolerance of 0.03 in. increases the 
weight 6 lb. Although this tolerance 
may be considered reasonable, it is an 
indication of weight penalties induced 
by even a small tolerance. Proposals to 
partially machine rough forgings prior 
to the finish die operation may reduce 
the web thickness 


ind die-closure 


problen 


Forging Cost 

indicated that 
ngs in money, manpower, and elapsed 
me can be achieved by the substitution 


| x perience has sav 


cK : 


6 A-A 38 





Fig. 3—Finished wing bulkhead designed as a forging; weight of 
t 90 pounds. Several design studies 
hannel-type of forging shown. 





* : 
athe a al 


of well-designed single-forged units in 
lieu of complicated multipiece assem 
blies. The designer must have the 
ability to: 1) select the proper appli 
cation; 2) use known design practices 
to minimize cost; 3) 
proper material; and 4) 
forged blank and finished product de 
signs so that complex machining 1s 


select the 


blend 


die 


the 


avoided 

Forgings are used generally where 
their qualities of strength, grain ori 
entation and material disposition are 
useful. In the 
tolerances 


view of 
with forgings it 
foolish to use them where 
could be 
used at no penalty in strength and pos 
sible Typical applica 
tions for large forgings, in aircraft, aré 
wing spars, heavily loaded frames, ribs 


most large 
assoc iated 
would be 
extrusions 


closer tolerance 


n cost 


Saving 


and bulkheads, floor beams, gear sup 
port structures and major attachment 
fittings. Most of these represent flat 


webbed beams or truss type construc 
tion. Complex single or double con 
toured elements in large sizes should b 
possible in the new heavy presses, but 
as the design deviates from a flat plane 
die machining becomes more difficult, 
side thrusts are induced and, in general 
costs rise severely 

The two alloys 


aluminum rorging 


759 











generally used for large forgings are 
14S and 75S. The selection of one over 
the other can influence cost as well as 
strength. The 75S material is more 
difficult to forge; thus more stage dies 
are required. As the number of opera 
tions increases, the die life is reduced 
and dic and price will be 
higher. Conservative estimates place a 
20 to 30 percent cost penalty on the use 
of 75S in place of 14S because of these 
factors. In some applications, 14S could 
be specified without penalty, particu 
larly where rigidity requirements set 
the design criteria 

The relationship of the forging 
blank to the finished part is probably 
the more important to cost than any 
other consideration. The variation in 
cost with forging blank design is easily 
explained by the following example 

A single piece wing bulkhead, Fig 3, 
is to be fabricated from a 75S forging 
with an area of 1,200 sq in. The refined 
forging, Fig 4A, would require a press 
of 35,000 ton capacity. As the press is 
not available an interim design 4B, is 
designed capable of being produced on 
existing 15,000 ton to 18,000 
presses. Fig 5A shows the blocker-type 
design proposed for the 15,000 ton 
press and Fig 5B, the design for the 
18,000 ton press. For immediate pro 
duction a hand-forged billet. 
ould be used 


cost prece 


ton 


Fig 6 


With the various designs formulated 
cost made and are 


shown in Table III. The most expen 


estimates were 
sive configuration was the hand-forged 
billet. With this established as 
ull other configuration were compared 
terms of a percentage. This 
ymparison indicates that material 
costs are fairly constant; the major sav 
ing resulting primarily from reduced 
machining costs. Closer tolerance forg 
ings, even at increased die costs 


unity 


to it in 


may 
prove to be the most economical over 
all approach to forging design 





Fig. 4—Forging blank for wing bulkhead. Cross section view A rep 
sents refined forging size for a 35,000 ton press; B is the inte 
design for an 18,000 ton press. A weighs 210 Ib; B, 260 poun 
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Capacity of Presses 

Based upon the information already 
presented — that of size, weight, 
strength and cost—the next problem is 
capacity of the press needed to produce 
a design. 

Size, in terms of projected area of a 
part at the flash line can be roughly 
estimated to be on an average of 35,000 
psi of pressure required to flow metal 
for each square inch of such projected 
area. Whether the part is a simple or 
complex pressing will govern this 
value. Fig 7 shows a relationship be- 
tween press capacity and plan or pro- 
jected area. Hence for a pressing of 
2,000 sq in.—which might represent a 
part about 4 ft in diameter or 2 ft wide 
by 6 ft long trimmed of flash—a press 
of about 20,000 tons would be needed 
if the part were simple or about 40,000 
ton if the part were a complicated 
pressing. 

A simple or complex pressing can be 
best defined by use of Fig 8. The curve 
indicates the minimum pressure needed 
to upset a slab of constant cross sec- 
tional area—again of 2,000 sq in.—but 
at various thicknesses and at a tem- 
perature of 750 F. The significant point 
is in the way that the specific pressure 
needed to move the metal increases as 
the thickness approaches 2 in.—thick- 
nesses such as are to be used for large 
forged components 

This is an ideal forging in that the 
edges of the slab are free to move with- 
out restriction; however, this condition 
is seldom fulfilled in practice, as the 
metal is more or less confined in a die 
cavity. It is only by restricting lateral 
spread that it is possible to fill the ribs 
and bosses of an intricate die form 

The curve of Fig 8, also shows clear- 
ly why it is not possible to achieve 
much with a specific pressure less than 
10 tons per sq in., but the upper limit 
of 20 tons per sq in. needs further ex 


planation, especially since die steels 
have a yield strength at 750 F of well 
over twice this value—45 to 50 tons 
per sq inch 

As has been proven in practice, when 
making a die pressing the loading on 
the die face can be so uneven as easily 
to cause die deflection and loss of di- 
mensional accuracy. It is difficult to get 
a perfect distribution of metal in the 
die cavity, but even when this is 
achieved there will be some areas where 
metal is less free to flow than in others 
and a greater proportional share of the 
total press load will be carried. This 
unequal distribution of metal can cause 
excessive distortion and loads in local- 
ized areas of the die that will exceed 
the yield strength of the steel 


Quality 

It is difficult to anticipate the effect 
of increased forging size on quality 
The ability to produce larger ingots of 
good quality has not yet been estab 
lished. If the material is sound in the 
inget form and proper design is used, 
the resulting forging should turn out 
good. Most forging defects, such as 
laps, flow through and cracked fillets 
are visible on the surface and can be 
easily detected. Unhealed porosity, 
however, requires the use of sonic in 
spection devices for detection, in most 
instances. As forgings grow larger it 
may be necessary to refine the quality 
control procedures and expand the 
sonic inspection methods to assure high 
integrity 

To produce sound castings of a size 
necessary tor 50,000 ton presses, one 
method that is being tested is the Di 
rect Chill process. It is believed that 
ingots produced by this process will be 
1) uniform in chemical composition; 
2) fine in grain structure; 3) free from 
cracks, splits and harmful porosity; 
and 4) clean with respect to non- 
metallic inclusions 











Fig. 5—Blocker type design for wing bulkhead. Cross section view A 
is for 15,000 ton press while B is for 18,000 ton press. Weight of A 
is 380 lb and that of B, 246 pounds. 





Fig. 6—Hand forged billet for immediate production of wing bulk- 
head. Area is 1,800 i 
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Fig. 7—Relationship between press capacity 
and plan area of die forging at various pres- 
sures, 
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Fig. 8—Approximate relationship betw 
upsetting pressure and thickness. " 









sq in. and weight is 1,000 pounds. Machining and 
this the most expensive design. 











Checkpoints for Practical 


Limitations and allowances necessary in both die and product design to insure 





LIMITATIONS 

Notural droft Drett , 

° ’ Locoting droft angie oe 

be? co 9g 9 gs be machined 

vurol off 
se Y 
: Va Grecter than 7° 

pte Not these 


Steel ond Aluminum droft 


ofl 


Draft angle—Where normal drafts do not match, increase 
draft in one die so both sides meet at the parting line. Us- 
ing natural draft angles can minimize weight and subse- 
quent machining. Standard draft angle for forgings is 7 
deg. U-shaped aluminum fittings should have 5 degrees. 


Forging Porting 
plone /ine 











End radius — Normal draft should be 
maintained on circular sections. Ends of 

See __.._—— fergings should have a radius equal to 
twice the sectional diameter. 


Radius ( 20) 








WL Co 


Parting line — Use a Desirable 
straight parting line, where 











Undesirable 
When o prosection—> 


exists 





possible, so one die-half 


contains all the impression 


to shape the part. To sim- 
plify die sinking and trim- 
ming, external webs less 
than 5/32 in. thick should 





When o recess 
exists Ye When neither exists 

















er is 








PT etic 








(A) Place part (B) Ploce porting (Cc) Ploce PL here with _ 
have parting line coincide line here line here option for PL. ot 
with one web surface. center of web 

Forging plane — Should 

other than a straight part- se a 7 i 

ing line be required, the Forging Forging 
forging should be inclined plone Die 


with respect to the forging 
plane. Dies with counter- 
locks to compensate for 
side thrust are expensive to 
build and troublesome to 
maintain. 








lock ‘prone 

Forging N . ae 

| Parting 
4ine 

















Preferred 





Not recommended 
























Forging Design 


sound forgings. Tolerances specified are for general drop forging practice. 





Edge rodius R 











i 2 3 4 5 6 7? 
H-Height of edge above parting line inches 
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From DOUGLAS AIRCRAFT COMPANY STANDARDS 


PROPORTIONS 





Vorying width 


piri 


V7 
Constont width 
of top of rib 











3R min Constant edge sods 
ae rR 
Constant draft angle, \ 







\ 
H Constant fillet redius 
4 > 


, > 











. Forging dimensions can vary by mismatch, closure, straightness, shrinkage and die wear. Listed tolerances are recom- 
mended where such forging dimensions as edge distance, machining, strength are critical. An extra 3/32 in. must be 
added to any dimension which will be machined after the final forging operation. 








2% 


Fillet radius, inches 











(_ == 





i 2 3 os 5 6 7 
H-Height of rib (or boss) in inches 





Fillet radii—Minimum values are indicated. Radii depend upon 
height of rib or boss above next forging level and whether or 
not metal is confined at web. For steel, there is no value change 
between confined and non-confined webs. 


Note-when 2” is greoter__ 
thon 3x B increase Re, 4 


; roe +) 
a 1? 
; a 


Use Re for minimum rodius 
in pion wew whether wed ~ ~ — — 


. 
‘$s confined or not aa 
~ 1 
+H 



































7 



















Jse height at the % 
point os shown 











Parting line” 


Tapered flanges — Un long 
tapered flanges ending at 
heavier sections, the edge ra- 
dius can be decreased to ob- 
tain weight saving by using a 
height value at a point equal 
to 2/3 of the length. 











O= 2/5 W mox 


i 


Y 











Cavities—Length of round pockets should not exceed 2/3 of the 
width. For parallel ribs, the depth should not exceed the width. 





Checkpoints for Practical Forging Design (continued) 


PROPORTIONS - Continued 


























BRAIN AE eA 









































Parting line- >--- SS) 
o 
2 A~=x 
. 
: 
= 
4 
€ 
2 
> 
« 
e 
; 
E A ~*~ rf, . ol , be 
= a ' 
; ’ | Use rote! pion orea Web thickness ~~ 
} of the porting line 
° 234 68 20 340 6080 200 300 600800 2900 fexcluding punch -outs } Section A-A 
5 0 50 100 500 1,000 soieesinakasied 
Total pion erea in squore inches 
Web thickness— Webs of forgings should be at least as thick as limiting proportion shown. 
‘2 
V-shaped fittings—Aluminum 
alloy “bath tub” type forg- = | | . 1 
ings with the parting line at 7, ek -R R, 
the rib edges should conform in | se | 
to indicated proportions. In- 8 
side radius values should be = 
exceeded if possible. 5 
Q Ss - 
. r =t Recommended) 
Depth 
R, = Chort volve 4 
Re? R,+?t | 
+ Y, gio imin/ —_—— -»_ 
i — font of tongenc 
/ RES gency 
Punch -out 
dia hole- 
joins my 
Pi 
| Ye web 





| 

he. Tangent point / 
Punchouts—Aluminum alloy forgings should be punched through ~ pl 
flat portion of the web. If ribs are flat topped, fillets can be 

punched out with webs. Steel forgings can be punched either way. 

Minimum punchout values % in. hole dia, % in. radius. Maxi- 

mum punchout web thickness is % in. Recommended spacing 

between punchout perimeters is twice web thickness. 


Punch - out 


—dia hole” 


Dis 
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TOLERANCES 

Atismow&h Dim 8 
or ee 

! 
Closure ¥ \ J 4 4 

| ere 

} rn PL 

| P > yi 

oe. Z + _ Y 











_ Shrinkoge ond die weor 





+ Be per l2in | 
Stroighiness tolerance 
%e per Gin 


D FABRICATION AND PRODUCTION PROCESSES 





FOR BOSS OF 2 IN. MAX, DIA. 


IF DIMENSION B IS 1/32 IN. OR 
GREATER THE COINING PROC- 
ESS CAN HOLD CLOSURE DI- 
MENSION to +0.o10 IN. BUT IT 
CANNOT IMPROVE DIMEN- 
SIONS BETWEEN BOSSES. 














Corner and edge radii—Minimum Proportions are shown for steel and aluminum forgings. Keeping draft angle, fillet 
radius, edge width and radius constant along a rib of varying height or with taper simplifies die sinking. 


Special designs incorporating bending, twisting, double or left and right hand 


parts, and welding should be analyzed separately for 


each specific application. 


























Mismatch Tolerances 
Weight of Forging, Ib. Tolerance, in. 
—————_—_—_—_|— 
FROM To | ALUM STEEL 
0 1 0.015 0.010 
1 7 0.018 0.012 
7 13 0.021 0.014 
13 19 0.024 0.016 
For each 6 lb. add add 
0.003 0.002 
Closure Tolerances 
Tolerance, in. 

LBS. WT. ALUMINUM STEEL 
o—\ 0.032 —0.010 0.027 —0.010 
14—lk 0.032 —0.015 0.030 —0.010 
13-1 0.032 —0.015 0.036 —0.012 
1—~+4 0.045 —0.032 0.045 —0.015 
4—17 0.062 —0.032 0.045 —0.015 
17—24 0.078 —0.032 0.045 —0.015 
24—50 0.093 -0.032 0.057 -0.019 
50—100 0.125 —0.045 0.087 0.029 
0—250 0.187 —0.062 0.180 -0.060 

250—UP 0.250 0.062 0.265 0.090 





Product Engineering 


1954 Annual Handbook 











From AERONAUTICAL ENGINEERING REVIEW 











Setting a large die on a modern die-casting machine. Four-bar 


horizontal hydraulic machines are being used to produce aluminum 


alloy castings weighing over 20 lbs. Injection pressures are in 


Choosing the range of 20,000 psi. 
ts 


Aluminum Alloy Castings 








Choosing between die, sand or permanent-mold casting methods, have higher mechanical propert 
greater untlor ty otn Surta 
selecting the proper alloy to meet service conditions, and purchas- loser dit nal tolerances, and bet 
ter | 5 htness than sand ca 
ing from a foundry of recognized capabilities should be based on _ ings. Castings made by this method 
will usually require less metal for th 
twelve fundamental considerations to obtain lowest overall costs. ul lesign stress than sand castings 
The s | los ad : 
- nsional tolerances mean lower ma 
FLOYD A. LEWIS, The A ‘ i el ad 
Many des 
| | f h » be produ 
* o vat th ro iid process can ist using ir 
( nod ¢ OO lbs \ TS. I = 
S Both { ’ | ' y] 
\ | h S | S ih ret h 1 
} nd I 1ods, th I vn 
:. 2 | i M f I 
vh I 1. No | 
I] . “ | W 
s used for long product runs ol 1. Usually lth 1 ul S [Ss weig 
mall and medium-sized parts that ar be required to mal ther process feas r 500 Ibs. have been produced 
suitable for modern high-speed mold ble, as few as 500 have been mad Ability to cast thin sections, a 
equipment. Sand castit weigl reneral rmanent ld stings racy, uniformity of reproduction 
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Examples of various parts being produced by the die-casting method. Modern 
automatic plunger machines need only one man to operate, and perform ap- 
proximately 500 casting cycles per hour. For small parts, multiple cavity dies 
can be used to boost production still higher. 


low unit cost characterize the die-cast 
ing process. In reproduction of sur 
face detail and surface finish, die cast 
ing is superior to other methods. Thin 
ner sections possible with this meth 
od permit substantial savings in meta! 
Dimensional accuracy, smooth surfaces. 
and ability to cast threads and core 
holes contribute to minimum finishing 
cost. The weight range is from a frac 
tion of an ounce up to about 20 Ibs 
Die castings having overall dimen 
sions up to 36 by 12 by 9 in. are be ing 
produced, but the dimensions in onc 
direction may exceed these, castings up 
to 84 in. in length having been 
luced 


pro 

Table I shows the relative advan 
tages of the three casting methods on 
the basis of production cost considera 
tions and casting characteristics. This 
comparison serves as an initial analy 
sis for selecting the most suitable cast 


ing method 


? DETERMINE the mechanical and 
* physical requirements of the part 
so that the proper alloy, suited to the 
casting method, can be selected 

First decision to be made in choos 
ing an alloy is whether one not re 


quiring heat-treatment will give the 
necessary mechanical and other prop 
erties or whether a heat-treated alloy 
is required. Heat-treatment increases 
the strength but often lowers ductilit 
Die-casting alloys are not usually heat 
treated. In son ises, however, aging 
treatments are given at relatively low 
temperatures 

Although tensile strength is perhaps 
the most significant single mechanical 
characteristic to be considered, an al 
loy should not be chosen on that basis 
alone. Yield strength. « longation, hard 
ness, and compressive, shear, and fa 
tigue strengths also may be significant 
in any particular application 

Attention must also be given to the 
casting qualities. For simple designs 
where high strength is not a factor, 
casting qualities do not require spe 
cial consideration; but, if the design 
is complicated or if the castings must 
be pressure tight, an alloy having good 
casting qualities should be 1S¢ | 

If the castings will be exposed to 
corrosive elements, an alloy having 
high resistance to corrosion should be 
used. Machinability is a characteristic 
that should receive consideration for 
castings requiring considerable ma 
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Table 1—Comparison of Sand, 
Permanent-Mold, and Die Castings 





we er 
e §s 
; Gili 
o §% «8 
-_ L v z£™ 
e _— = & 
a aa; 8a 
Strength 2 1 Jia 
Structural density 2 ! 3 
Reproducibility of suc 
cessive castings 3 2 1 
Pressure tightness 
after machining 2 1 2 
Cost per piece (b 3 2 1 
Speed of production (b 3 2 1 
Flexibility as to alloys 1 2 ; 
Tolerances } 2 1 
Flexibility of design 1 2 3 
Size limitation 1 2 3 
Surface 3 2 1 
Speed of getting into 
production 1 2 2 
Pattern or mold cost 1 2(« sid 
Thickness of section 3 2 1 





Ratings 1, 2 and 3 indicate the relative ad 
vantages of the three methods for each factor, 
number 1 being the most advantageous 

a) Thin die castings of uniform section may 
have first classification in the “‘as cast’’ condition 

b) Although this rating covers the majority 
of castings, im some cases either sand or per 
manent-mold castings may take first place 

c) The cost of permanent-mold equipment 
may be equal to or less than production sand 
cast equipment for large or complicated castings 
adaptable only to these two processes 

d) The cost of dies plus the cost of tooling 
for machining or finishing is frequently less than 
the same overall cost for sand or permanent-mold 


castings 





chining. While ease of machining and 

nishing is one of the outstanding gen 
eral characteristics of aluminum cast 
ngs, some alloys machine easier than 
others. 

Where the castings must retain their 
strength at elevated temperatures, an 
alloy possessing this characteristic must 
be used. Some parts require good r 
sistance to wear in addition to high 
strengt! at elevated temperatures Other 
parts require this combination of prop 
erties plus good casting and machining 
characteristics 

Many special-purpose alloys have 
been developed for applications where 
specific characteristics are desired. Their 
usefulness, however, usually is limited 
to particular applications, and they 
should only be specified when needed 

Castings of lowest cost are obtained 
by keeping specifications as simple as 
possible. In other words, a heat-treated 
alloy should not be specified if a non 
heat-treat d one will do An alloy hav 
ing difficult casting characteristics 


should not be selected if one easier for 
the foundryman to handle will serve 

Table II, III, V list necessary data 
to aid in the selection of the proper 
alloy to meet physical requirements 


D2) 











Table Il 


Classification of Commercial Aluminum Casting 


Alloys by Type of Application 





Casting Method 


Application 
Die Sand Permanent 
‘ Mold 
S12A C4A CS42A 
SC54A CS43A SC64B 
General Purpose Alloys \SC84B SC64B SC64C 
SGI100A SC64C 
ZG61A 
SC84B CS72A CS72A 
General Purpose Alloys where Pressure Tight SG100A SSA SSA 
ness is Required ‘ SCS51IA SC64A 
SG70A SCSIA 
SG70A 
G8A S5A SSA 
|S12A G4A GS42A 
SGI100A GS42A GZ42A 
SG70A SG70A 
Alloys for Architectural and Decorative Purposes ZC81A ZC60A 
ZG32A ZC81B 
GZ42A ZG32A 
ZG61A ZG42A 
ZG61B 
G8A SSA SSA 
S5C S5B S5B 
S12A G4A GZ42A 
SG100A G10A SG70A 
GS42A ZC81B 
Alloys with High Resistance to Corrosion SG70A ZG32A 
ZC81A ZG42A 
ZG32A 
ZG42A 
ZG61A 
ZG61B 
(SC84A CGI100A CGI100A 
Alloys Retaining Strength at Elevated Tem SC84B CN42A CN42A 
peratures (see nots )SG100A SCSIA SN122A 
SC82A SCSIA 
CS104B 
SC122A 
(SC84B CGI100A CG100A 
CN42A CN42A 
Piston Alloys CS66A 
SN122A 


SC122A 





Note 
blisters 


ind service condit 


ipproximate ch 
the aluminum ca 
cross reterenced 


mon industry de 


3 


have 


OBTAIN 
. dries ot 
the exper 


furnish castings « 


BID 


ir 


at the required production rates 


After the cast 
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When servi 


ice temperatures are above 600 F, die castings may develop surfac« 


ms. Table 


| 
ll 


[\ been tentatively chosen, bids 


should be requested from at least three 
that the 


shows hav 


omposition of 


a ill 
sting alloys which are foundries so buyer will have 


with respect to com reasonable assurance that the foundry 
signations finally selected will be representative 
Most important consideration in s 
S trom several foun lecting bidders are the foundries repu 
od re putation which tations as to consistency of quality and 
ne ind facilities to service. Foundries having considerabl 
tf the type desired and experience in producing the type of 


casting under consideration should be 


ing process and alloy chosen. It is equally important to be 


Product 


the 


sure that these foundries have fa 
cilities to produce the castings at the 
required production rate. Both the total 
quantity and required rate of delivery 
must be specified, for these are im 
portant factors in determining costs of 


‘any type of casting 


SUBMIT DETAILED DRAWINGS and a 
* model or test pattern when avail 
able; in a reorder, submit a sample 
casting as previously made 
Each bidder should be given a de 
tailed dimensional drawing of the part 
and full information on service condi 
tions. In preparing drawings, all sur 
faces to be machined should be clear- 
ly indicated, as well as permissible di 
mensional tolerances. Close tolerances 
should be specified only where neces- 
sary. Dimensional tolerances can be 
held closer in permanent mold than in 
while in die castings 


sand cast ings, 


still closer tolerances are possible 


Except where a pattern, mold, or dic 
is already available, the buyer should be 
sure that bidders have adequate facili 
ties for designing and producing such 
This is if the 


equipment important 


part is to be made by either the per 
manent-mold or die-casting process. In 
any event, allowances must be made 


for shrinkage of the metal as it solidi 
fies, for adequate draft so that either 


| 


the pattern the casting may be easily 


mold 


upon which process is usec 


hined 


or 
the depending 


removed If ( 
1), and for 


om 


" 
finishing wher surfaces are 


yuired 


indicate machining locat 


h SPECIFY SERVICE CONDITIONS in de 
* tail, and 
ing points 
Conditions n 
that the 
urately on th 
that will meet thos« 
of high stress should be 


yust be specified in or 


ler foundryman may 
production of castings 
conditions. Points 
specified, 


tightness, if that 


as 
pre ssure 
stings are to be used 


If the c 
pres¢ nt, 


well as iS 


required 
influ nces ar 


where corrosive 
these conditions should be clearly and 
fully If at 
which the castings will function differ 


tem 


described emp ratures 


from ordinary room 


learly 


materially 


perature, these must be indi 


ited. Aluminum 
at low temperatures than at 


alloys are stronger 
room tem- 
peratures, but they lose some of their 


If 


subject 


strength at elevated temperatures 
of the 
to wear, these¢ 
cated 


1 
ny ioca 


any casting surfaces are 


should be clearly indi 
the main machin 
1} 2 


t ; } ] - 
ion points should be sp ified 


For accuracy 


he pattern, mold, or di 


I " 
rmined 


before t des gn 


lot 


6. 


and facilities to 


DETERMINE if prospective 


} 
the necessary equipment 


the attainment 


sup 


plic rs have 


assure 
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of specified physical and mechanical Table I1l—Relative Properties and Characteristics of Commercial 
properties consistently Aluminum Casting Alloys by Casting Method 

Buyers should ask the foundries if 
they have accurate temperature-control 





equipment for proper handling of the “ a - Suitability for 
-r . ll , s ’ 7. t - 
metal. They should also ask if the Alloy Corrosion esting -_ achin 
ASTM Resistance Properties Treated ability 
foundries have inspection procedures 
[ Welding Brazing 


and laboratory facilities to assure at 





tainment of specified properties in the 


DIE CASTING ALLOYS 





finished castings 
One of the important matters ts 
























: G8A 1 3 2 
whether the prospective supplier has 
a quality aot a nas scotia to as asc 2 ; ' 
sure the production of good castings S12A, B ‘ : ' 
meeting the specifications consistently SCA, B : . 
Foundries with good quality-control SCA, S , 
= SG100A, B 1 1 
setups will usually be equipped to per 
form all types of inspection or will ‘ ; i 
have facilities available for performing a CAS ae 
them when necessary. A well-equipped ‘ ; 
foundry with adequate quality control C4+A 2 a Yes 2 No 
also will have laboratory facilities for CG100A : : Yes ; No 
: making both chemical and mechanical CN42A : s Yes ; , No 
| tests. CS43A 3 No No 
CS72A 3 l No l 2 No 
> E CASTING requires a hig 
l. lca Bene make tn sedi — : ; _ : ag 
8 ri wee. G10A 1 3 Yes 3 No 
suppliers have adequate heat-treating GS42A ' ‘ N ‘ No 
equipment with accurate ten perature 
control SSA l l No 3 | Limited 
The buyer should also satisfy hin S5B 2 l No } l Limited 
self as to the foundries’ ability to per SCS5SI1A 2 l Yes 2 l No 
form heat-treatment. Attainment of SC64B 3 2 Yes 2 l No 
maximum strength in heat-treated cast SC64C 2 l Yes 2 l No 
ings requires that temperatures in the SC82A 2 l Yes 2 1 No 
heat-treating furnaces be held within SG70A 1 1 Yes 2 1 No 
close limits for specified lengths of ZCB1A , : huskies Ves 
time. Facilities for rapid quenching E 
elon ase eacemer ZG32A l 3 Aged only l 3 Yes 
ZG42A l 3 Yes l 3 Yes 
8 INVESTIGATE th experience ol oth ZG61A I 3 Aged only I 3 Yes . 
* er customers with prospective sup ZG61B l 3 Aged only l 3 Yes 
pliers 
As in other businesses, satisfied cus PERMANENT-MOLD ALLOYS 
tomers are a supplier's best recom 
mendation. This is particularly true in CG100A 3 2 Yes l 3 Ni 
the aluminum-casting field where the CN42A 2 3 Yes l 3 No 
difference between a satisfactory prod CS42A 2 2 Yes 2 3 No 
uct and an unsatisfactory one dé pends CS104B 4 2 Ni I No 
largely on « xperience ar 1 on good pro CS66A 3 2 Yes 2 3 No 
duction equipment CS72A 3 | No 1 3 No 
g AFTER a supplier has been tenta Guten : , No : No 
* tively selected, look over his plant. ©4424 , me He 
The buyer should ask to inspect the $5A 1 1 No 3 1 Limited 
plant so that he can see the equipment s§s5B 2 1 No ’ 1 Limited 
that would produce his castings and SCS51A 2 ’ No 2 ’ No 
the conditions under which they would SC64A 1 Ni ? 1 Ni 
be made. Few reputable foundrymen $SC64B 2 Yes 2 ’ No 
will deny a prospective purchaser this SC64C 2 1 Yes 2 1 Ni 
privilege and where it is denied th SC122A 2 ; Yes ; 1 Ni 
buyer should be cautious SG70A 1 1 Yes 2 1 No 
An important point to obser it SN122A 2 ’ Ton : ' N. 
visiting a prospective supplier is the 
general hous ke ping in the | lant. If ZC60A l 3 Aged only 1 3 ——_ 
the plant looks clean, n lorderly 20818 Aged only } Yes 
(at least to the extent the nature of th 2G32A l Aged only I ; Yes 
business permits), it can be taken as BUAsA ’ Yes , Yes 
ai indi m = t th ein Note: All properties and chara ristics ar an within ca ass asis excellent 1 
alizes tn 
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Table 1V—Composition of Commercial Aluminum Casting Alloys 
by Casting Method 





Alloy Designations’ Nominal Composition, Percent, Balance Aluminum 


Cop Man Mag Titan 
ASTM ALCOA SAE per Silicon ganese nesium Zinc Nickel ium Others 





DIE CASTING ALLOYS 





G8A 218 0 

















2 0.3 03 8.0 0.1 0.1 0.1Sn 
ssc 43 304 0.6 5.0 03 0.1 0.5 0.5 0.1Sn 
$12A,‘B 13 305 0 6 12.0 03 0.1 03 0.5 0.1Sn 
SC54A, B* 85 3.5 5.0 0.5 0.1 0.9 0.5 0.3Sn 
SC84A,‘B 380 3.5 8.5 0.5 0.1 09 0.5 0.3Sn 
SG100A‘,B 360 0 6 95 03 0.5 05 0.5 0.1Sn 
SAND CASTING ALLOYS 

C4A 195 38 4.5 1.5 03 0.03 03 0.2 

CGI100A 122 34 10.0 2.0 0.5 0.25 04 0.3 0.2 

CN42A 142 39 4.0 0.7 03 1.50 03 2.0 0.2 0 2Cr 

CS43A 108 380 40 3.0 0.5 0.05 1.0 0.3 0.2 

CS72A C113 33 7 0 2 5 0.5 0.0 25 03 0.2 

G4A 214 320 01 03 03 + 0 01 0 2 

GI0A 220 324 0.2 0.2 0.1 10.0 01 0.2 

GS42A A214 03 18 08 4.0 03 » 2 @.¢ 

SSA 43 35 0.1 5 0 03 0 05 0.3 0.2 

S5B 43 35 03 5.0 03 0 05 03 0.2 0 2Cr 

SC64B 319 326 3 63 05 01 1.0 0.5 02 

SCH64C 3 6 3 08 0.5 10 0.5 0.2 

SCSIA 355 322 13 5 0 0.5 0.5 03 0.2 0 2Cr 

SC82A 32 15 ~ 04 04 10 ».2 0 0 3C 

SG70A 356 323 02 0 03 03 03 02 

ZG6IA 605 310 03 0.25 » 3 0 € 5.5 02 0 5Cr 

ZG61B 05 0.15 05 0 6.5 0 2 

ZCB8IA 0 0 25 0 6 0 35 5 01 0.2 0 3Cr 

ZG32A 02 02 05 1 6 3 0 02 0 3C 

ZG42A 0 2 0 2 05 21 425 0 2 0 3Cr 
PERMANENT-MOLD ALLOYS 

CGI100A 22 34 i0 0 20 

CN42A 142 39 40 i_50 0 2Cr 

CS42A B195 380 40 0 03 0.05 03 03 02 

CS104B 138 10.0 40 0.5 10 05 10 02 

*CS72A C113 33 0 2.5 2.50 

CS66A 152 300 65 5 5 » 8 03 08 »} 2 

*GS42A A2l4 18 40 

GZ42A B214 01 03 3 +0 1 8 ) 

SSA 43 35 5 0 

*SSB 43 45 5 0 

SC64A A108 45 5.5 05 0.1 1.0 0 2 

*SC64B 319 326 3.7 63 1.0 

*SC64C 3.7 63 1.0 

*“SCSIA 355 322 1.3 5.0 

SC122A 328 15 12.0 0 0 04 05 2 

*SG70A 356 323 0 

SN122A A132 321 1.0 12.0 0.1 1.1 0.1 2.5 0.2 

ZC6UA 0.5 03 0 05 0.35 65 0.2 

ZC81B 0 0 25 0 6 0.35 5 01 0 

*ZG32A 1.6 3 0 

*ZG42A 2.1 4.25 

Also used for sand casting 

1. From specifications of American Society for Testing Materials 

2. Maximum values 

3. Alloys SSA and SSB are identical except that impurities in SSA are held to lower limits, giving 


it greater resistance to corrosion. SSC is a similar alloy for die casting 


4. Impurities in these die casting alloys are more closely controlled than in the other die casting alloys 


of otherwise identical composition. These alloys can be cast only in cold-chamber machines 


toward the production cf better alu good quality castings at the lowest over 


minum alloy castings ail cost. His pattern cost may be high 
Buying aluminum castings involv 
10 Do NOT GIVE the order to the more than getting several bids ar 
® lowest bidder unless there is rea ordering from the lowest bidder. O 
sonable assurat hat he will produ ll cost should be the criterior id any 
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indications of possible difficulties, such 
as in machining and finishing or in ad- 
justing rejects, should be evaluated in 
determining actual cost of finished 
castings. Sometimes difficulties with 
machining and finishing and in ad 
justing rejects will wipe out any ap 


I 
parent savings 


1] AFTER CHOOSING a supplier, en 

* courage the fullest possible con 
sultation and collaboration between 
the design engineers and technical per 
sonnel in the foundry 

This process should begin early 
enough so that any acceptable changes 
iry technical 
men can be incorporated in the final 
design drawings 


suggested by the founc 


12 CONSIDER ANY CHANGES the 
. foundryman suggests which might 
simplify production reduce cost, of 
sult in better castings 
Experienced foundrymen often can 
suggest changes that do not impair the 
} 


niciency of the de sign or interfere with 


its functioning. Reputabl foundrymen 
will offer such suggestions purely in 
the interest of produc ing castings that 
will most economically meet the b 


ers needs, and, therefore, the buy 


should give such suggestions full con 
sideration in preparing his final de 


sien drawings 


Other Production Methods 


A few parts can best be produced by 
ther methods, such as the plaster 
nold process, investment or lost wax 
method, and centrifugal casting. Parts 


requiring smoother surfaces and 


great 
r accuracy then can be obtained with 
any of the three 


: 
in be cast in plaster molds. Some of 


principal processes 


1e intricate parts orf automatic auto 
motive transmissions which require 
great accuracy are being produced by 
this method. The investment process is 
also capable of great accuracy and 1s 
sometimes used for small complicated 
parts that can be produced in groups or 
clusters. Aluminum pipe is cast by the 
entrifugal method, as well as a nun 


ber of other parts of special charactet 


If the part to be produ 1 requires 

I t I 
the use of one of these specialized 
I ethods, it is best to discuss the prob 


lem directly with one or more of the 
foundries using the particular method 
in question 

Problems of tolerances, best material 
based not only on correct physical and 
mechanical properties but on the most 
economical production, intricity of part, 
type of finish, and other factors may 
I considerably from on I uundry t 


nother and so should | nvestigated 


+} 1 } +} ' 
1 t wy ! Ss} 
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D FABRICATION AND PRODUCTION PROCESSES 


Table V—Mechanical Properties of Commercial Aluminum Casting Alloys (Typical Values) 





Com pression 


Yield? Yield* Ball 

Alloy Condition Strength Ultimate Elongation’ Strength BHN Shear Endurance* 

(ASTM 0.2 %& offset Strength % 0.2% offset 500-Kg Strength Limit 
psi psi in 2 in psi Load, 10mm psi psi 





DIE CASTING ALLOYS 





G8A As Cast 27,000 45,000 8.0 27,000 27,000 23,000 
ssc As Cast 16,000 30,000 9.0 16,000 19,000 17,000 
S12A As Cast 21,000 39,000 2.0 21,000 25,000 19,000 
$12B As Cast 37,000 1.8 

SC54A As Cast | 24,000 40,000 5.0 24,000 26,000 22,000 
SC54B As Cast 22,000 38,000 5.5 22,000 25,000 22,000 
SC84A As Cast 25,000 46,000 3.0 25,000 29,000 19,000 
SC384B As Cast 26,000 45,000 2.0 26,000 29,000 20,000 
SGI100A As Cast 27,000 44,000 3.0 27,000 28,000 19,000 
SG100B As Cast 43,000 3.0 





SAND CASTING ALLOYS 














C4A Solution heat treated 16,000 32,000 8.5 16,000 60 24,000 6,000 
C4A Solution heat treated and aged 30,000 40,000 2.0 38,000 95 31,000 7,000 
CG100A Aged 20,000 27,000 1.0 20,000 80 21,000 9,500 
CGI100A Solution heat treated and aged 30,000 40,000 0.5 43,000 115 29,000 8,500 
CN42A Aged 18,000 27,000 1.0 18,000 0 21,000 6,500 
CN42A Solution heat treated and aged 25,000 28,000 2.0 5 24,000 9,500 
CS43A As Cast 14,000 19,000 1.5 
CS72A As Cast 15,000 24,000 1.5 17,000 0 20,000 9,000 
G4A As Cast 12,000 25,000 9.0 12,000 50 20,000 5,500 
GI10A Solution heat treated 25,000 46,000 14.0 26,000 5 33,000 7,000 
GS42A As Cast 13,000 20,000 2.0 15,000 50 17,000 
SSA As Cast 9,000 19,000 6.0 10,000 40 14,000 6,500 
SSB As Cast 9,000 19,000 6.0 10,000 40 14,000 6,500 
SCSIA Artificially Aged 23,000 28,000 1.5 24,000 65 22,000 000 
SCS5SIA Solution heat treated and aged 25,000 35,000 2.5 29,000 80 30,000 8,500 
SCSIA Solution heat treated and aged 29,000 35,000 1.5 5 10,000 
SC64B As Cast 18,000 27,000 2.0 18,000 0 10,000 
SC64B Solution heat treated and aged 24,000 36,000 2.0 24,000 80 10,000 
SC64C As Cast 18,000 23,000 
SC64C Solution heat treated and aged 24,000 31,000 1.5 
SC82A Solution heat treated 20,000 33,000 2.9 20,000 82 
SC82A Solution heat treated and aged 28,000 36,000 2.0 28,000 81 
SG70A Artificially Aged 20,000 25,000 2.0 22,000 60 18,000 500 
SG70A Solution heat treated and aged 24,000 33,000 4.0 24,000 0 27,000 8,000 
ZC8IA Artificially aged 30,000 3.0 
ZG32A As Cast 13,000 29,000 12.0 50 
ZG32A Artificially Aged 19,000 35,000 9.0 65 
ZG42A As Cast 19,000 30,000 5.0 65 
ZG42A Artificially Aged 27,000 37,000 3.0 aS 
ZG42A Solution heat treated 40,000 44,000 1.5 80 
ZG42A Solution heat treated and aged 38,000 43,000 1.5 80 
ZG61A Artificially Aged 25,000 32,000 3.0 25,000 5 26,000 9,000 
ZG61B As Cast 32,000 2.0 
PERMANENT-MOLD CASTING ALLOYS 

CGI00A Artificially Aged 35,000 37,000 0.5 40,000 115 27,000 8,500 
CGI100A Solution heat treated and aged 36,000 48,000 0.5 36,000 140 30,000 9,000 
CN42A Artificially Aged 34,000 40,000 1.0 34,000 105 26,000 10,500 
CN42A Solution heat treated and aged 42,000 47,000 0.5 46,000 110 31,000 9,500 
CS42A Solution heat treated 22,000 37,000 9.0 22,000 5 30,000 9,500 
CS42A Solution heat treated and aged 26,000 40,000 5.0 26,000 90 32,000 
CS42A Solution heat treated and aged 20,000 39,000 4.5 20,000 80 
CS66A Artificially Aged 16,000 29,000 1.0 16,000 95 22,000 
CS72A As Cast 19,000 28,000 2.0 19,000 70 23,000 
CS104B As Cast 24,000 32,000 1.5 32,000 100 22,000 
GZ42A As Cast 16,000 27,000 0 17,000 60 22,000 
SCSIA Solution heat treated and aged 27,000 43,000 4.0 27,000 90 30,000 9,000 
SC64A As Cast 16,000 28,000 2.0 16,000 0 25,000 
SC64B As Cast 19,000 34,000 2.5 19,000 as 24,000 
SC64B Solution heat treated and aged 27,000 40,000 3.0 27,000 95 
SC64C As Cast 19,000 26,000 
SC82A Solution heat treated and aged 40,000 49,000 3.0 9 
SC122A Solution heat treated 27,000 41,000 2.5 27,000 90 
SC122A Artificially Aged 26,000 40,000 0.3 26,000 9 
SC122A Solution heat treated and aged 38,000 43,000 1.0 38,000 92 
SG70A Solution heat treated and aged 27,000 40,000 5.0 24,000 90 
SN122A Artificially Aged 28,000 36,000 0.5 28,000 105 24.000 
SN122A Solution heat treated and aged 43,000 47,000 0.5 43,000 125 27.000 
ZC6H0A Aged 28,000 0 
ZC81B As Cast 33,000 3.0 
ZG32A As Cast 15,000 33,000 22.0 Ss 
ZG32A Artificially Aged 21,000 42,000 18.0 0 
ZG92A As Cast 24,006 42,000 14.0 . 
ZG42A Artificially Aged 2'9,000 47,000 8.0 95 
ZG42A Solution heat treated 36,000 49,000 9.5 95 
ZG42A Solution heat treated and aged 43,000 53,000 6.5 95 

1. Tension and hardness values determined values are not shown for die castings because they 3. Endurance limits are based on 500,000,000 
from standard half-inch diameter specimens in cannot be reliably determined cycles of completely reversed stress using the 
dividually cast in sand and permanent molds, and 2. Yield strength is the stress which produces a R. R. Moore type of machine and specimens 
tested without machining off the surface Ten permanent set of 0.2% of the initial gage length 4. Compression tests made on specimens hav 
sion values for die casting alloys determined from American Society for Testing Matcrials Standard ne an 1 ¢ rat f 12 
standard ,-inch die cast specimens; hardness Methods of Tension Testir 


Product Engineering — 1954 Annual Handbook Dos 





From UNITED STATES NAVY REPORT 


A Survey of 
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Pouring molten stainless steel into unsupported shell mold showing the gases escaping through the permeable mold walls 


Shell Molding 


Problems 


B.N 


Mf New ¥ 


AMES +: S.B 


Problems being investigated that should 


N 


DONNER 


S 


N. A. KAHN 


R 
) 


klyn N.Y 


aid in reducing 


shell molding costs are: types of sands to use, pattern equip- 


ment material, dimensional tolerances, mold closing and 


the principle of metal solidification. Some are answered; 


many are still being investigated. 


D2. 


Product 


Cooper Alloy Foundry 


The opinions expr 
authors and do not 
views of the Navy D 


he shell molding process has con 
a long way in a short time. Th 


two outstanding advantages of th 


Mi why 


epariment 


process have been substantiated time 
and again—that it 
high degree of mechanization and that 
savings in 


1S adaptable to a 


machining are 
through closer tolerance castings. How 


possibl 
ver, other problems are still being 
nvestigated. This survey may help to 
of the problems involved 
n the shell molding process 


inswer some 


Mechanization 
The first uses of the shell molding 
process were pilot plant operations 
where the major equipment was de 
signed for manual operation and adapt 
able to a wide variety of jobs. Thi 
£ +} 


physical arrangement of the equipment 


line was simple and used, wher 
possible, existing equipment such 
core ovens and work tables 
However, the shell molding | 
lends itself to mechanization becaus 


of its simplicity, and economies of 
skills 


time. Once the volume of casting pro 


} 


materials, and machine too 
duction required is sufficiently high 
ymplete mechanization of the | 

be designed or purchased. Bas 
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Sutter Products Company 
oven which moves forward. The mold is raised from the pattern 
by the automatically actuated stripper pins. Phenolic resins (right) 
are made by reacting phenol formaldehyde in a large kettle. The 
hot solution is then dumped into trays to cool and harden. 


IIs A resin-sand mold rests on stripper pins following completion 
of the cycle of an automatic shell molding machine. The box 
containing the resins and mix is inverted with the pattern. Box 
retracts to position shown, pattern inverts and is cured by the 


this machinery falls into two types 
one in which the stations or operations 
are incorporated in a single, automatic 
molding machine; and the other a 
typical loop with separate stations for 
mold making, curing, stripping, coat- 
ing and preheating. The first system 
uses one pattern plate, while the latter 
uses several plates for continuous 
operation. In the loop system, a 
dutch” type oven, either electrically or 
gas heated, with temperature control 
ind with variable belt speeds is satis 
factory for curing and preheating. The 
dwell time in the molding operation 
will determine the rate of production 
Some systems use an overhead invest 
ment dispenser in the molding opera 
tion, while others use the conventional 
nold inversion technique 

Some of the companies presently en 
gaged in automatic machine design and 
manufacture include Econocast, Inc 
the Osborne Manufacturing ¢ ompany, 
Shell Mold and Machine Company, 
Sutter Products, Winter Engineering 


Newark Pattern Works, 


( ompany, 


hyde shell molding resins are based 
are: 1) flow; 2) cure rate; 3) melt 
viscosity; and 4) melting points. Not 
all resins are considered satisfactory for 
every casting design. The most satis 
factory molding resins are those with 
low to moderate flow characteristics, 
relatively high melting points, fast 
cure rates and 
strengths 

Other properties of secondary impor 
tance are curing and casting odors and 
shelf life. In some instances, these b 


moderately high 


come of major importance 

The manufacture of cores may r 
quire a resin of slightly different chat 
acteristics than those used for molds 
depending on the shape of the cor 
This applies whether the core is made 
by blowing or by the dumping tech 
nique. Usually, cores with sharp radii 
will require a resin with longer flow 
characteristics 


Sands 


The most suitable sands appear 
be washed silica sands ranging in AFS 


n to yreid superior nnishes, as 


pared with 3-screen sands. As a gen 
eral rule, the finer the sand, the 
smoother the resultant casting surfac 

Zircon sands are satisfactory in serv 
ce but their comparatively high cost 
may make their use impractical except 
for special applications. Investigations 
ire Currently in progress to investigat 
the effect of such additive materials as 
silica and zircon flours and muelit 
and magnesite in securing improved 


r} 


surface finishes, particularly with high 


nelting point alloys 


Pattern Equipment 


The metals generally used for shell 
mold patterns include aluminum, steel 
grey iron and heat treated copper bas« 
alloys. Because of the excellent repro 
ducability of shell molding castings th 
surface of these patterns must be very 
smooth to gain this advantage 

Grey iron patterns, of the low-ex 
pansion, heat-resistant type give excel 
lent overall performance particularly i: 


resistance to “‘sticking,’’ which may be 


Mechanical Handling Systems Inc., and fineness from 75 to 230 either of sub aused by its high surface graphite char 
Shell Process, Inc. angular or round grain shape. The acteristic. Most of the copper alloy 
Process Techniques clay content should be under 3 percent patterns will also give good results the 
= and the sand should be low in metallic major problem being oxidation and 
The principle properties upon which oxides and fluxing agents. Sands with scaling which interferes with heat trans 

the perforn ance of phenolformalde- a wide distribution (5 or 6 screens) fer to the resin-sand mold 
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Phenolic resin is mixed with a fine-grained silica sand. Normally 
mixture is 92-98 percent sand to 2-8 percent resin. One method 


Aluminum and bronze satisfac 


tory but are subject to scratching, nick 


are 


ing or swaging to a degree not normal 
ly experienced with iron or 
Ribbed aluminum pattern plates and 
patterns may be used 
weight is a fac 


steel 


plate 


when | 


tor 

The pattern plate should be ribbe: 
ind designed with uniform s« 
sufficient thickness to retain th 
mperature hi ad for sett 
vestment on a 


continuous operatin 


basis. Generally, rivet type heads are 
used for stripping pins, and the greater 
the area of each head, the efficient 
the stripping action provided they ar 
spaced uniformly around the plate 
Stri 


more 


ri 
prope rly tempered springs 
rr I I I 
chanical arrangement for automatic 1 


ping pins should be equipped with 
( 


| f +} ‘ 14 
release O! ) Ol 


turn after the 
Gating and Heading 


Gating m thods that all w for pour 





metal 


A group of typical shell 


pattern plates. Iron and steel are the 


most satisfactory material, but aluminum and bronze can also be used. 
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of clamping is shown in the above photograph. For close dimen- 
sional tolerance the mold halves should be bolted together. 


ing molds on end, lend themselves to 


t } i | 


the pest productive arrangement for 





supporting the molds with a backup 
For the best surface finish, it 
found botton 
gate. In aluminum alloys, bronze, and 
choked ingates and th 

} 


material 


has been necessary to 


ductile iron g 
tc} 


judicious use of dross catchers must b 


= 


used. Tapering the downsprue in a ratio 


1 1 
#1 IS also desirable 


Dimensional Tolerance 


The dimensions and surfa ondi 
tion of the shell mold reflect accurately 
those of the pattern plat Tolerances 
of between 0.002 and 0.005 in 


can be achieved with well designed 


pattern equipment 


Shell molding has one basic limit 
; ' 
ras unta ga nsional 
leran is concerned and that is th 
" ‘) 
et -/, 500-4 “ 500 cia 
+0071 0.002 to 
40.00; { . 
$0002 % 4008 ( | “ 10.003) 


#, 
©- |-Or- 


& 
1250 
7 (:0.002) 
— ss. * ind jain 
Lu 
as \ —O © 


+>  -\- 0500 























~~ .4) 7 
' Vv 50 0.0185 (C0002 to 0.003) 
| (20.002 te acony) i 
| al 
a Hi 4 — ph ; 
sith A. ! 
T 








Some practical dimensional tolerances 
that can be held on shell molded cast- 
ings are indicated on the above draw- 


ing using well designed equipment. 
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i250 i200 


Steel shot being used as a backup material. Other materials are being in- 1350 

















C 1300 P : 
. . . ra pasting temperoture 
vestigated for backup use as shot is considered to be a safety hazard. a 9 (A) 
£ 
o 
c 
go 
inability to ach 0.d oncentricity of the shot ) loss caused by sp lage a 
on a vertically parted cylinder. The o.d and 3) the safety hazard of the shot or 2 
; - ro] 
dimension along the parting line that the floor in the pouring area. The n E 
is held by some mechanical arrangement terial used should ha suff = 
or by pasting and acts as a stiffening permeability, as the permeability of th 
rib will frequently be up to 0.035 in backup material is important in venting % 
smaller than the o.d. dimension 90 deg ___ the gases prod 1 by the resin whet Bs 
from the part ng line. In some in ontacts the molten metal > 26000 
stances, a fiat along the part ng n M 1 had 
: aT . og + OO ; : + : - a 
can be detected. A proper allowan in Metallurgy @ 24000 
" , } 0 
the master pattern can be made to som« It has been generally believed, is > — S> — ae a 
. . = i 
what overcon this deficiency To connection with this process, that the ~ 20000 : TS _—— et aa | 
avoid excessive o.d. eccentricity on steel shot acts as a chilling agent, and 18000 ananGeaee } 
vertically parted cylinders, it is essential thus, improves soundness and allows ™ 
that close control of the resin-sand mix better control of solidification patterns : 590 oma ) 
res cycl ng shell thickness and Recently con lucted tests tend to prove : 
a q 400 
method of backing up be exercised. The _ that this is not true and on all tests ir > 
use of molding materials with high which aluminum alloys and tin-bronz S 320 
hot strength and flexural strength will specimens were cast in shell molds, less  ¢ 20.0 
ilso set to eliminat this 1 nciency chill was let d than in th Ct f = 








ad "sand molded specimen—irrespective of 2150 200 2050 2000 1950 
ind ‘ Pouring rk aoe c 
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th type »f backing material us d 











a . - . ‘ 480 
: Mold Closing Generally, the indications are that : 
‘ 4 @ : 
} Mold oe ee 1 variety of | Shell molded castings can be produced % 46000 
; . bas of - f ennundnece tn i 
/ ways depending upon the degree of with a high deg soundn nN 44000 
’ Cc 
lerance des } stis Clamp aluminum, tin-bror gray-iron, ductile & 4200C 
ne the outsid | swith spring w : iron. medium carbon steels and alloved B : 
ng the 1 Dp 1 spring ~ 
or using a cold setting paste are th steels. Comparative mechanical prop- § 40000 
two simplest methods; however, bolt erty determinations also show that shell £& 38000 
‘ng the molds appears to be the best molded aluminum and bronze castings 3 _ 
- ple i. Jevelop ultimate strengt! 1 elone 36000 
method. In sor nstances, no me develop ultimate strengths and eionga 
henical clamping de ‘s needed: tions slightly superior to sand castings @ 
the molds being held together by th at the optimum pouring temperature £& 26000 
' . toher valu n be attributed ¢ Sy 
renee ae ae I saieal These higher values can be attributed to € ea 
vibrated § | l [ aterial : - @ a400C 
It h om thy eal . re ; cleaner metal with Tewer gas inciusions = 
7] ae . a sa } The | | “S. 
L ‘Ids with steel shot. The ind less dross. Th wer yield strength 
; : . a we tad +} @ 
| > , ‘ . \ re | Dad issocia } > 
prime purpose ng z resis di a a df weap > 
formation of t mold wall under the . 
hydrostatic head metal pressur : 
OH . mer er ; : Comparison of some mechanical prop- a 
ner tf s for this purpose are : : : 
. } erties vs pouring temperatures for . 
being 1 thes oa a 
, L , . , green sand and shell molded test bars. - 
ot Ws . Graph (A) is for as cast alaminum, © 
I nnd Ww (B) bronze not machined bars and (C) o 
k l erhea g bronze, machined bars. 3 
i 
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From AMERICAN MACHINIST 
MACHINE SHOP MAGAZINE (British) 


Cold 


olives 


COLD EXTRUSION u 
of metal as a plasti 


1\ 
materi 


tne concept 


Extrusion of Metals* 


Permits the mass-production of parts from one piece of stock that normally 
would require several pieces and then a fabrication operation. 

Limited to certain materials and dies and lubrication must be used to 
prevent galling and welding of the metals in contact. 


; 
t 


ample, scrap losses of 12 lb on a 35 Ib 


forged and machined projectile were 


he metal ts 
still in the elastic range the metal will 


pressure is removed while 
ul, which 


when the barriers of friction are suf about 2.5 percent on a cold extrusion return to its original shape. From point 
ficiently extended, will flow under * Reduced labor, operation, and han- A to C the metal is in the plastic range 
ressur dling of parts from raw material to fin- Once point A, the yield point of th 

rhe process is relatively new to the ished component. A single extrusion metal, is passed the metal will retain 
harder metals, such as steel, but has operation replaces several turning, cut- the shape that it has at the time of 
been used successfully for the forming ting and grinding operations. (See pressure release. It is in this plastic 
+ +h Dp 


the softer metals 


) 
CO} 


luminum—for a number of 


was not until the developmen 


per, 


tin and sketches right) range that the cold extrusion process is 


years. It - Although die costs are high, quan carried on 
t of suit tity and quality production allows rapid There are two cold extrusion tech 


ible lubricants and coatings to prevent amortization and results in low costs niques, Figs. 3 and 4, backward and 
galling and cracking of the harder ma- for long production runs forward. Backward extruding forces 


ny 
ls that the cold extrusion 
economically 


‘ 


in feasible 


idvantages of the process 


- Low carbon steels can be used, and 


of steel Tt € the E : p the metal to flow in a direction opposite 
. " , 

Some of cory OF the Extrusion F'rocess to the punch or ram travel, and for 
are A good understanding of the cold ward extrusion forces the metal to flow 


working theory may be acquired by a__ in the same direction as the ram travel 








r working have values of tensile study of the stress-strain diagram of a The degree of reduction and the re 
5 ngth vield strength and hardness metal. The stress-strain diagram gives lationship of the punch diameter to 
mmparable to the high alloy types. the relationship between the applied the length of the punch travel govert 
Table T) force or stress, and the resulting strain the limits of the backward extrusion 
+ Scrap losses are reduced, since di- or deformation. A sample stress-strain The practical limit of the piercing 
nsional accuracy and surface refine- curve for SAE 1020 steel is given in punch is three times its diameter, but 
nts eliminate, in many instances, the Fig. 1. The curve is divided into two this can be increased by 1/3 by using 
1 for finished machining. For ex parts, the first being the elastic rang guide bushings to reduce the punch 
the second the plastic range column action. To reduce the impact on 
In the elastic range, between the the punch and to facilitate steel flow 
| , ; ue te , . ; 
low D Remy Cold-Forms Metals by origin and point A, the metal deforms _ the punch pilot is usually designed 
1 . letcher } y > 
R. L. Kessler, W. A. I and W. | : : Seed = : 
= Clk Geta Clee Penlncion uniformly for an increasing pressure, with a 3-5 deg taper 
H Schult iccording to Hooke’s law. When the Extreme reductions ross $ 
Table I—Mechanical Properties of Heat Treated Steels 
Properties Before Cold Extrusion Properties After Cold Extrusion 
| — 
| Yield Degree Yield 
Average Tensile Strength Percentage Reduction of Cold Average Tensile Strength Percentage Reduction 
Material Hardness Strength (0.2 percent Elongation In Area Reduction Hardness Strength 0.2 percent Elongation in Area 
b psi psi 2 in. g.l percent percent) (Rb) psi psi 2 in. g.l (percent 
Ingot Iron »9 42,500 17,900 45 20 73 70,500 64,300 17 55 
40 87 85,800 84,225 | 13 42 
60 93 98,375 94,025 | 13 48 
70 94 103,750 103,300 13 48 
75 95 106,400 10 43 
80 99 115,200 9 42 
C1010 : 46.400 28,550 45 2 20 72 69,400 63,825 19 61 
40 91 94,150 92,050 16 55 
60 93 101,600 100,150 13 49 
0 95 108,500 107,050 12 4 
75 94 111,800 9 48 
80 100.5 116,950 9 39 
C1020 5 58.000 40,250 38 62 20 79 79,800 77,325 13 
40 92 104,800 101,166 9 
60 95 115,250 114,450 9 
70 100 123,250 122,450 11 
C1040 81 74,700 49,750 35 66 20 94 110,150 98,875 14 45 
40 99 125,750 112,550 12 41 
A5120 4 6.750 4 44 20 90 91,900 80,156 18 6 
40 99 115,900 103,700 16 56 
60 102 129,450 120,125 16 53 
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A.—Cylinders with integral inside and outside studs. 
The studs can be of varying lengths and will be con- 


centric with inside and outside wall. 
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surfaces can be obtained without machining. 





B.—Inside and outside offsets can be developed at 
varying distances on a tube. Concentricity of all 





C.—Thin or heavy flanges can be shaped in combina- 


tion with offsets or studs. Sharp radii are possible 
and flanges will be concentric with outside diameters. 
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E.—An integral web or separator can be made by a 
plain and impact operation. The grain structure of 
the web can be crossed eliminating porosity. 


urea can be produced in one operation 
the forward extrusion 
process. When forming shells, for ex 
ample, the process is best applied when 
the initial cup diameter is 1 in. or 
larger because of the high unit stress 
created in the die. Because of the high 
percentage of power absorbed in over 
coming friction, the length of shell to 
be extruded in any single operation is 
usually limited to five or six times its 
diameter 

The cold extrusion process requires 
about twice as much power as drawing 
because of the high non-uniform 
stresses caused by the angle of the ex 
trusion die and the greater friction area 
in the die. As a general rule, however, 
one extrusion operation replaces two 
drawing operations 


when using 
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D.—Flutes and lands can be shaped on outside or 
inside surfaces. They can be of any size or length with 
smooth inside and outside portions. 
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Extrusion Materials 


As mentioned previously, the cold 
extrusion process is carried on in the 
plastic range of the metal. This rang: 
varies considerably for different metals 
Copper, for instance, has a large plastic 
range, while an alloy steel has a very 
small Also the range may b 
changed by one of the constituents 
Fig. 2 shows the stress strain curves 
for four steels of different carbon per 
centages. The 0.15 C steel has a low 
yield point and a large plastic rang 
while the 0.80 C steel has a high yield 
point and a limited plastic range 
About 30 points of carbon is the maxi 
mum recommended for cold extrusior 
work in most instances 


one 


The low yield point and large plasti 
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inge of the low carbon steels 
idvantage in cold extrusion. The 
working of the material increases th 
tensile strength, hardness 


strength and for many 


and yield 
applications low 
extruded, can b 
used in place of higher grade steels 
Tabl 
values for several grade s of steel 

Some lattice 


grade steels, when 


I indicates the increase in thes 
arrangements of ator 

ire more susceptible to cold working 
Metals that have face ces 

tered cubic lattices offer the least 
of resistance to cold working 
as they have more planes of weakness 
Table II gives several of 


than others 
amount 


the mor 
monly used metals in the order of their 
ductility. In the second column th 
metals are listed in order of thei 
nalleability. Ductility (flow of a metal 


D;: 


con 


ez 


Z 


F.—It is possible to form a part with any combina- 
tion of the inside and outside shapes shown in the 
above cross section drawings. 
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Fig. 1—Stress-strain curve for 1020 steel showing 
the elastic and plastic ranges. Metal deformed in the 
elastic range will reform to its original shape. 


in tension) and malleability (flow of — be used for die parts, such as 
1 metal in compression) are connected rings, because their circt 
with the lattice structure of the metal fibrous structures enable the 
Six of the first seven metals listed stand higher radial stresses 
have face centered cubic lattices, bear A steel that has been us: 
ng out the fact that they are the most fully for extruding operatio: 
workable metals. Of the metals used hromium, high carbon st 
ommercially, copper and aluminum edium toughness and me 
rate very high in malleability which ness or wear resistance 


akes them very valuable cold ex working surf 


Elongation, in. per in. 


Fig. 2—Comparison of the plastic flow of different 
percent carbon steels. About 30 points of carbon is 
maximum recommended for cold extrusion operation. 


extrusior ss of the steel and the previous heat 


umferential treat. To obtain the proper tool dimen 
m to with- sions after nitriding it is necessary to 


make allowance for the growth. The 
d success best method is to try a few samples as 
is is a high ich job is different in some way 
eel having 
Re Deel Lubrication 
The actua The total stress applied to the cold 


ry for aces on extruding opera working of metals is the sum of the 
trusion operations. The most widely tions must be very hard to give good _ stress necessary to overcome the flow 
used metals listed ar on, copper tool life, so the usual practi s to. resistance of the metal and the fri 
iluminum and tin \itride the steel and use it as an ins tional resistance occurring between the 
: ; n a holder. The nitriding increases th two sliding surfaces 
Cold Extrusion Dies surface hardness from about 50 R lo a large extent, the success of the 
Dies must be able to withstand th« 70 Rc, but more important, it makes old extrusion process, can be at 
high = stati pressut s caused by the he tool gall resistant buted to the use of a metal phosphat 
plas c deformation of the work, in Galling is found in mat old work oating. This coating in itself gives a 
pact, fatigue and frictior ng operations when part of the metal much lower coefficient of friction and 
Depending on the required die life is torn from the blank being worked when mixed with a con patible lubri 
rr on th production run, the chor nd welds to the tool. The nitriding int lowers the coefficient still further 
yf suitable die materials ranges from uses a scale to form on the tool 1 Che combination provides a film strong 
high carbon tool steels to high speed s al st impossible to gall to a nough to withstand the cor pressive 
steels and tungsten carbid Table Ill scal forces imposed when the steel is mad 
lists a few of the tool steels used for When nitriding i rowth t o flow in the extrusion d 
{ working operatior | os la th | nd the thick Exploratory work at the H Mar 


Table 1L—Comparison of Ductility and Malleability 


of Various Metals 





Order Order of ype of # Atomik 

Ductilit Malleat t Aton Latt Number 
Gold l FCC 79 
lver 2 FCC +7 
Platinum ¢ FCC 8 
Iron 9 BCC 26 
Nickel 10 FCC 28 
Copper 5 FCC 29 
Aluminum } FCC 13 
Zin 8 HCP 30 
Tir BCT 50 
Lead FCC 82 





FCC Face centered cubic 
BCC Bod, 
HCP Hexagonal close packed 


BCT Body centered tatragonal 


centered cubic 








Fig. 3—Forward extrusion of various forms. 
Left-hand sketch is the form of the blank. 
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ufacturing Corporation, Philadelphia, 
Pa., reveals the following points con 














cerning coatings and lubrication 

The conventional zinc phosphate 
coating is the best material and also the Mj 
cheapest and easiest to apply. The coat Tf Ke f 
ing should be a minimum of one gm 
per sq ft and withstand minimum tem 
peratures of 750-1,100 Fahrenheit. Ot 
all the lubricants tested, the best re i 


sults were obtained with a dilute emul 


























sion lubricant consisting of a highly 
diluted soap emulsion not exceeding 5 
percent concentration of soap plus ani 





mal or vegetable oils and fats. This 

















conclusion was based upon considera 
tion of performance, cost and applica 
tion. This combination of coating and 


< 














lubricant was found to be of sutticient 
thickness to ensure complete separation 
of the sliding metal surfaces, give the 
best frictional conditions and eliminate 
pick-up on the work 

Some coatings and compatible lubri 








cants which are available commercially 





are: 

Foscoat (Pennsylvania Salt Mfg. Co., 
Philadelphia, Pa.). This process con 
sists of compatible cleaning pickling 
and application (by immersion, flood 
ing or spraying) of Foscoat and a 
lubricant, Foslube, to produce a heat 
































resistant coating with good adherence 
under severe working conditions 
Bonderite (The Pyrene Co., Ltd., 
Brentford, Middlesex, England). Pro 
ess consists of immersing the cleaned 
steel surfaces in the hot Bonderizing 
solution for 5-10 min, where a crystal 





Fig. 4—Backward extrusion of different forming 
operations. Left-hand sketch is the form of the blank. 


line zinc phosphate coating integral 
with the metal surface is formed. After ‘° 8° far beyond the cold extruding cylinders, gear blanks, pulley hubs 
process. The elaborate method of lubri bearing housings, axle housings and 


cating the metal prior to extruding is other intricate shapes. Only enough 
not required and a great variety of metal is cut from a solid bar to mak« 


} 


water rinsing and drying, lubrication 
is carried out by immersing the parts 


in a hot aqueous Bona ube solution 


shapes, to close tolerance with glass the part and scrap is virtually elimin 

Future Trends smooth Surfaces, can be produced on ated The process is claimed to be so 

The K er 000 to 3,000 ton presses exact that weight and size tolerances 

e d process of the ullins It can be applied, as illustrated, to an be held within limits required for 
Manufacturing Corporation is claimed shapes such as thin walled pressurt most mass-produced parts 





lable 11l—Compositions of Tool Steels for Cold Working Operations 





Percentage of Alloys 





Type Cc Mn Ni Cr Va Mo Si S and P 
3250 
Nickel chromiun 0.45-0.55 0.30-0.60 1.50-2.00 0.90-1.25 


Air Kool 


Chromium carbon 0.95-1.05 5.00-5.25 0.35-0.45 1.10-1.20 
GM 48M 
Chromium carbon  1.40-1.60 0.20-0.50 *11.00—-13.00 0.70—0.90 
GM 32M 
‘Plain carbon 0.80-0.95 0.15-0.35 0.15-0.35 0.30 
JS .30 max 
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Fig. |1—Comparison of tooling and total costs involved in drawing and spinning a typical part. 
xg I I 


SPINNING VS DRAWING 


Discussion of the factors involved in choosing a method 


for forming circular cross section sheet metal shapes. 
> 


JOHN W. LENGBRIDGI 


Project Engine 


[Oo FORM < ulat SS section pieces ) Delivery requiren ost of the product depends to i larg 
om sheet metal, designers generally |) Contour problems xtent on the tooling costs. And unit 
sider two processes: spinning and Possible use of both { hanges for a drawn product drop 
r drawing Spinning sa method of suppl menting the other ore rapidly is quantity increas ; than 
vorking a rotating disk t shap over ) Dimensional i ra I hose for a spun produ 
i form or chuck to which it is « lamped ments Table I shows the )S lved i 
ausing the metal t flow by tooling The d sion is basicall onom ] produc ng a typi al produ t, both by 
pressure applied mechanically or man depends largely th lantity 1 spinning and drawing. There is a 
ally. During the operation, shaping quired quantity at which costs of both ar 


s visible as it progress the same. Below this point spinning 


prost ; 
In drawing, a punch forces the met ( Since spinning is predominat tly ; more economical: for greater quan 
nto a hollow die of predetermined a manual Operation it in ives high tities, drawing th preferred tech 
A blank holder controls th labor costs. It can be mechanized—al nique 
ovement of the metal and pr nts though this increases th x S If additional or 5 fe the san 
kling. The change of sh ¥ s hid tools and equipment—to bring unit part are a possil lity, the econo S 
by the tooling labor costs closer to those of drawing hange. Since it is standard pract 


When choosing between the two Drawing is a mechanical operation to absorb tooling charges on the first 


thods, the designer usually 1 ws with low labor costs, and requires mot order, they n su 
tors mplicated and expensive tooling. I ding runs. That gives drawings 
1) Tool cost per unit by both meth oth processes, tool costs per unit vary st advantage. Including future runs 
ods with quant ty but labor costs 1 Lif to the calculations lowers the quan 


>») Labor and overhead vf iuirly constant, relatively independent tity for which drawings are mor 
1 spinning 


} 


unit § quantity. Therefore the total unit 
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Spinning —2 weeks 
4900 |——- Drawing -7 weeks --——+ 4 
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Worcester Pressed Steel Co 
Fig. 2—Comparison of time required to tool and produce a typical part Fig. 3—Deep drawn shapes being made 
by spinning and drawing. Drawing is less expensive for mass production. on a_ typical large hydraulic press. 





Table I—Unit Costs of Drawing vs Spinning 





















































GC 
1 Beod DRAWING 
Unit Labor 
tl ae Operation Tools Prod. /Hr Cost 
\ 4 lst Draw 375.00 400 0025 
| 2nd Draw 400.00 400 0025 
Trim and Bead 100.00 300 0035 
. >) Iron 125.00 200 0050 
; Total $1,000.00 Net Labor $.0135 
= Overhead @ 200 percent 0265 
, Cost of Labor and Overhead 040 
y tel fe ; 
UNIT COST OF DRAWING 
a Lot Size 1000 2000 2300 3000 4000 5000 
wn Method Labor Cost 04 04 039 639 039 035 
Tool Cost 1.00 50 43 34 25 20 
Total Unit Cost $1.04 $ .54 $ .469 $ 379 $ .289 $ .235 
SPINNING 
Unit Labor 
O OD Operation Tools Prod. / Hr Cost 
ist Spin 50.00 22 065 
2nd spin, 2nd Spin 100.00 18 080 
rim —_ ong Bead and Iron 
Ps Total $150.00 Net Labor $.145 
Overhead ( 200 percent $2.80 
L J Cost of Labor and Overhead $.425 
St spin UNIT COST OF SPINNING 
(8) Spun Method Lot Sizes 1000 2000 2300 3000 4000 5000 
Labor Cost 42 42 405 40 40 40 
Tool Cost 15 075 065 050 038 03 
Total Unit Cost $.57 $.495 $.470 $.45 $.488 $.43 
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Delivery. When short production 
schedules are a critical factor spinning 
has an advantage. Tools for hand spin- 
ning can be built in much less time than 
drawing tools, allowing an_ earlier 
start on production 


However when the stampin dies 


are working, they turn out parts at a 
much faster rate. If the quantity ts 
large enough it may be possible to 
complete production in a shorter span 


of overall time (Fig. 2) 


Contour Problems. Drawing 1s _ not 
limited to any specific shape; spinning 
is restricted to products which are cir- 
cular in cross sections at right angles 
to the axis of rotation (exce pt for some 
minor work which has been done on 
ovals). But within its field the scope 
f spinning is wide, limited only b 
the size of the equipment and power 
available to make the metal flow. The 
drawing press, however, is limited to a 
certain die size, maximum drawn depth 
and tonnage capacity 

Drawing has one big limitation: re 
entrant contours. Usually they are easy 
to produce by spinning on sectional 
chucks or on internal roll units. With 
drawing it is difficult—sometimes im 
possible—to supply internal support 
for the metal being necked-in on a 


pre eS tool 


Use of both Methods. Neither presses 
nor spinning lathes can do all the work 
For example: in shells having either 
parallel-sided or tapered walls, con 
tours, that allow the best flow control 


n drawing, permit poor control in 
spinning and conversely 
Therefore Some compl cat d de signs 


can most economically be made by 
using both types of equipment, each 
doing a part of the work 

A system of standardized tools for 
breakdown operations that are used for 
several products can produce further 
economies. By drawing a blank on a 
standard set of dies and spinning the 
drawn shape to its final form, tool and 


labor costs can often be further ré 
duced 


Dime NaAl fecura Compared to 


spinning, drawing boasts greater a 


g 
uracy of size and wall thickness, and 
tter uniformity. Closest tolerances 
guaranteed on hand spun work is 
1/32 in. Limits can be proved 
0.0015) when spinning tools 
ire mechanized. But when dimensional 
uracy is a factor, drawing is usually 
} , 


1¢ process required, since the stamp 
industry can hold + 0.0005 with 

out serious difficulty. With metals like 
stainless steel, it is more difficult to 
ympensate for spring back in spinning 


than in draw ing 


D36 
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Worcester Pressed Steel Compan 
Fig. 4—Operator in the process of removing thin walled, deep drawn shape from 
a C-shaped press. Mass production decreases tool and die costs. 


Table 11—Spinnability of Metals 














Shallow Deep 

Spinning Spinning 
Group I—Alumin.im, Dow neta! and Mainesium 
Alcan 2SO and 3S0O Aluminum 1.00 1.00 
Alcan 57SO and 55SO0 Aluminun 98 62 
Alcan 17SO and 24S0 Aluminum 65 15 
Magnesium and Dowmetal 55 15" 

* Special set up for hot spinning 
Group II—Miscellaneous Soft Meta s 
Zinc 94 94 
Pewter 94 93 
Lead 90 as 
Group III—Steels 
Cold Rolled (Deep Drawing Stee! 91 91 
Hot Rolled (Pickled Drawing £t:2« 91 72 
Lead Coated (Long Ternes 90 . 
Galvanized 82 , 
High Tensile Steel 40 13 
40 percent and upward of Carbo 22 UY 
* Coating will flake 

Group IV—Copper and Copper Alloys 
Commercial Bronz 87 
Copper (Gold Rolled Annealed 87 87 
Yellow Stamping Brass 86 86 
Nickel Silver (up to 30 percent 85 75 
Phosphor Bronze (Soft Temp 73 39 
Muntz Metal 4 13 
Group V—Nicke! and Nice! Alloys 
Nickel .86 
Monel (Deep Drawing Qualit 86 82 
Inconel 81 75 
Group VI --Stain'ess St « 
Type 347 (18/8 6 6 
Type 430 (14/18 67 53 
Type 304 (18/8 65 65 
Type 302 (18/8 65 33 
Based on a rating of 1.00 for aluminum a 2SO, considered to have maximum spin 
nability Milwaukee Metal Spinning Company 
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THROATLESS PRESSES ... A 
new approach to the design of large 
forging presses with capacities of 
20,000 to 75,000 T or more has been 
receiving considerable comment from 
production engineers throughout the 
country. This approach, developed by 
the Throatless Press Co, which is 
jointly owned by the Austin Co of 
Cleveland and the Hydraulic Press 
Manufacturing Co of Mt. Gilead, 
Ohio, consists of suspending the upper 
rams of the press from the overhead 
section of the building to give un- 
obstructed access to the die area. The 
bed would be mounted in the floor, 
with rail-mounted work handling 
equipment adjacent to the die. 

For a 75,000 T capacity unit, the 
frame walls of the building would be 
set 80 ft apart, and the overall height 
would be approximately 150 ft, with 
an additional 30 ft below the press 
room floor. 

Advantages envisaged for this 
design include: 360 deg access to the 
press platen; simplified design of die 
carriage and work manipulators; much 
smaller press parts, with high resistance 
to eccentric loading and shock; and rela- 
tively low cost 


PLASTIC DIES . . . Cast plastic dies 
costing only about 35 percent as much 
as equivalent steel dies and good for 
production runs of 10,000 to 15,000 
pieces have been receiving considerable 
attention from the automative industry 
They can be used to check design 
through pre-production run of parts, or 
to tool for products whose market ac- 
ceptability is yet to be firmly estab- 
lished. 

Additional advantages include: 

1) Die making time is reduced al- 
most 80 percent by the elimination of 
time-consuming aging of metal ma 
terials and Kellering. The latter repre 
sents one of the biggest expenses in 
manufacture since it sometimes 
takes weeks to remove all the over- 
stock mecessary to compensate for 
metal shrinkage during cooling. 

2) Lighter dies simplify handling 
With a specific gravity of 1.26 com 
pared to tool steel’s 7.9 and Kirksite’s 
6.7, plastics represent a big weight 
saving, so dies are easier to set-up 

Reduced weight also can mean in 
creased production. By ganging as 
many as four plastic dies on one press 
if the horizontal dimensions permit, 
fabricators can stamp out four parts 


die 
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Developments to Watch 


with each press stroke. Such operation 
is impossible when using metal dies 
because most presses do not have the 
lifting capacity to raise four steel or 
Kirksite dies. 

3) Dies are easily repaired. Cor- 
rections in design can be machined in 
with standard tools. Serious damage 
can be repaired by placing the female 
against the male member and then 
pouring resin into the void. Minor 
gougings can be fixed quickly by hand, 
representing a considerable saving over 
the usual method of machining holes 
for inserts that have to be bolted into 
the die block. 

4) Spotting-in time is reduced over 
50 percent. Because the dies are easier 
to move about and surface material can 
be removed by sandpapering, weeks 
can be shaved from set-up time. A 
usual plastic die can be nie. ready in 
the press in one eight hour shift; metal 
lic dies often require two weeks. 

Typical of the new materials are 
National Lead Company's Nalcolite A 
and B, Rezolin’s Tool Plastik and a 
resin developed by Allied Product 
Each is a thermosetting liquid phenolic, 
mixed cold and poured without pres- 
sure. Heat at 160-180 F applied for 
about 16 hr cure the resin. 

Probably the most unique property 
of these materials is their ability to 
hold dimensions. National Lead, for 
instance, guarantees that their resin will 
hold tolerances to +:0.0002 in. in a 10 
in. length. The others claim that 
shrinkage in the mold is negligible 

In addition, the materials have ex 
cellent resistance to drawing lubricants 

They are resilient and, although 
softer than steel—hardness being about 
110 Re—do not scratch or gall serious 
ly. To increase their compressive 
strength of about 15,000 psi, the dies 
are reinforced by being poured inside 
Kirksite or welded containers 

Production experience with plastic 
dies is limited. The Aircraft industry 
has been replacing Kirksite tools with 
plastic for about three years. In avia 
tion applications—stamping relatively 
small quantities from thin aluminum 
sheets—the dies have practically un 
limited life. 

The other major experimenter has 
been the automotive industry Chrysler 
Corporation has fabricated quantities 
of cowl side panels for Dodge trucks 
and Ford has been using plastic dies 
in experimental production 

Plastic suppliers don’t expect to re 


Handbook 


place tool steel or Kirksite. Dic makers 
emphasize that the new materials have 
limited pro 
duction. However they predict that in 
the future the phenolics will play an 


only a specific function 


increasingly important role in pro 
duction with more parts designed for 
stamping or drawing from sheet metal 
Too, industry will be able to do more 
pre-production testing of designs and 
parts. 


ULTRASONIC MACHINING 
Ultrasonic energy, which has been used 
in industry primarily for inspection and 
mixing of liquids, shows promise of 
being adapted to the metal cutting 
processes, such as drilling irregular 
paths in steel, glass, ceramics, and 
other hard materials. Battelle Memorial 
Institute has perfected dental drilling 
equipment, and the Raytheon Manu- 
facturing Company has announced a 
drilling machine for metal working 
The Raytheon machine generates 
sound waves by application of a cur 
rent to an electrical coil on a nickel rod 
The resulting sound waves are am 
plified electronically and by a series of 
cones that concentrate the sound energy 
at their apexes. This energy is directed 
a “drilling” rod that is in contact 
with the work. The rod, which vibrates 
at approximately 7,000 per 
cond, drives abrasive particles in a 


cycles 


4 


juid abrasive that flows continuousl\ 
cross the work. These particles strike 
the material at upwards of 5,000 times 


hole 


normal weight and cut a 


through the material 


their 


Raytheon engineers hope to adopt 


the same principle for new types of 
shapers, planers and milling machines 
LARGE DIE CASTINGS .. . In the 
last few years, the powder metallurgy 
process has become increasingly import 


ant for the produ tion of small, sim 


ple components. The reasons: dies are 
relatively inexpensive, iron and even 
stainless steel can be used, and pro 
duction rates are high. Consequently 
the di casting industry has lost some 
busin ss in thes areas 
But larger and larger parts are being 
ast und this next 1 iy § h 
innouncement of tl first d ist 
aluminum engine block. Weight 
the finished isting will be on th 
order of 75 lb. So far only one ma 
hine is available cast such parts 
but if experimental production is su 


cessful, the field could move rapidly 
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Only « HQHNGS ke thi it! 
nly /06/0A00/GS can make this as a unit! 





PROBLEM: 


Three expensive machined parts were formerly required 
to get the necessary internal cavities for this valve body. 
Use on an electronic tube evacuator made special 
tolerances necessary. After assembly by welding, 
re-machining, and testing, a large part of the total 
production was rejected for failure to meet the rigid 
specifications of the manufacturer—Consolidated Vacuum 


Corp., well-known producer of high-vacuum equipment 


SOLUTION: 


Consolidated Vacuum Corporation brought the problem 
to Alloy Precision Castings Company. Cooperating Alloy 
foundry engineers and metallurgists developed the pic- 
tured one-piece, 5!2-lb. mercasting of 303 stainless. The 

is-cast”’ piece can be held to an average plus or minus 
003 inch per inch on certain critical dimensions. A 
comparatively small amount of finish machining is 


needed on valve seats and tapped holes ' ‘ 


ALLOY PRECISION 






*FROZEN MERCURY INVESTMENT CASTING 


SUMMARY: 


The illustrated mercasting is a better valve body easily 
produced in a more desirable material. Tremendous 
savings are effected through elimination or drastic 
reduction of special tooling, machining, waste material, 
and scrapped production. 

Send prints of your problem parts today. Learn 


how Alloy Precision can save you time and money. 


ALLOY PRECISION CASTINGS COMPANY, DEPT. 8-21 
45th and Hamilton, Cleveland 14, Ohio 


Please RUSH Bulletin 706 describing the 
Mercasting Process. 
NAME . cninneneneneieees wenenes a 
TITLE - —— ioemenmane 
COMPANY 
ADDRESS — 
City — 2 — — 
ZONE STATE_ 


Ms , 
EAST 45'h ST AND HAMILTON AVE e CLEVELAND 14 OHIO 
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Amos Ar) Like, Tinistuny... 
JHA\\\\ ...IN PLASTICS 


VACUUM PLATING 
ROLLER COATING HOT STAMPING 






— SPRAY PAINTING 


CONVEYORIZED 
ASSEMBLY COLOR PRINTING 


... for simple, appealing beauty 
or complex decorative effects 





Raytheon Television 


Escutcheon Panel. 





Below— Clock face produced for Seth 
Thomas, Thomaston, Connecticut. Clock 
face molded in block material and 


wrested with special satin Anish Sparkling, deep-lustre colors! Gleaming metallics ! 


Amos precision injection molding teams up with 
ingenious design and jewel-like finishing to give 
your product simple, appealing beauty or complex 
decorative effects. 

Amos facilities are complete . . . product design 

— Start-rit Ib . : 
Above—Stert-rite eve! baby and engineering . . . mold building . . . molding 
trainer produced for Pemco Prod- : ; 

;' 4 to 300 ounce machine capacity . . . conveyorized 
ucts Inc., Indianapolis, Indiana. Re- ; h . 
quires 4 molds of from 4 to 28 abe assembly and finishing . . . vacuum plating . . . silk 


ounce capacity, plus five assembly hy screening ... hot stamping .. . roller coating... 
and finishing operations. 


printing . .. spray painting—everything your prod- 
uct needs in plastics—under one roof—no divided 
responsibility. 

We invite you to join the ever-growing list of 
Amos customers—now. 


No OBLIGATION ... WRITE, WIRE OR PHONE... 


AMOS MOLDED PLASTICS 
Edinburg, Indiana 
Offices: Chicago, Detroit, Philadelphia, 
Kansas City, Mo., Nashua, N. H. 


if You Need Metal Enclosures « Save Time and Tooling with 


LINDSAY PREFABRICATED ASSEMBLIES 





LS SAVES ON— 


v DESIGNING 

/ TOOLING 
PROCUREMENT 
' FABRICATION 
INVENTORY 
WAREHOUSING 
MAN POWER 


& &@&£a4 8&4 82.6 








ONLY 4 BASIC PARTS 
YET APPLICATIONS FOR LS PANEL ARE UNLIMITED 


Your production of attractive metal enclosures can be reduced 
to a simple assembly operation with Lindsay Structure—the 
patented method of using pre-tensed sheet metal panels in light 
structures of tremendous strength and rigidity. 


Lindsay prefabricated assemblies are tailored to your exact 
needs from die-formed standardized Lindsay Structure compo- 
nents... fabricated in 78,085 panel sizes...available in mild 
steel, stainless steel, copper, or aluminum... shipped k/d for 
quick assembly with standard tools—no welding or riveting 











é required. LS shipments can be scheduled to keep pace with your 
production needs. Fast service on pilot units. 


Lindsay Structure has almost unlimited applications—cabinets, 


housings, refrigerator buildings, processing rooms, dryers, towers, | 


\ 


bodies for trucks, trailers, buses, etc. 





Put this versatile prefabricated structure to work for you. 





simplify designing, save on dies and tooling, conserve skilled 
man power. Write for descriptive folder or send single line 
drawing for prompt cost estimate. 


LS CONSTRUCTION UTILIZES GREAT STRENGTH OF 
LIGHT SHEET METAL 


This 24-gauge, 36-inch wide sheet 
under uniform tension has greater 
tensile strength than a l-inch rod. By 
a strong, continuous and equalized 
gripping of the entire sheet, the 
weaknesses of rivet holes and welds 
in thin sheet metal are eliminated 
..diagonal gussets and struts are 
made unnecessary. : § 


Lindsay Structure, Inc. 
5001 West Dempster St., Skokie, Illinois 
[Ss STRUCTURE So strong and rigid is LS that an I-beam, 


originally intended for support, actually 
U.S. Patents 2017629, 2263510, 2263511 sagged below this LS housing even though it 
U.S. and Foreign Patents and Patents Pending bore the added weight of four men. 
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Garbage Disposer Housing 





Carbon Pile Regulator 








Rocket 
Carrier Base 





For a detailed description of the Thompson Light 
Metals Division operations, send for your free copy 
of “Creative Castings”. “Steel Belted Pistons”, 
detailing this Thompson development, is also 
available. Just write, on your company stationery, to 
Dept. P-1, Light Metals Division, Thompson Prod- 
ucts, Inc., 2269 Ashland Road, Cleveland 3, Ohio 











Motor End Frames Gyrol Fluid Coupling 
Aircraft Piston Torque Converter Fuel Pump Body 


NS 


7 





Steel-Belted Piston Alternator Housing Diesel Permanent Mold Piston 





Air Connector Outboard Propeller Wing Actuator 








For many years the foundry of Thompson's Light Metals Division quietly 
cast thousands and thousands of hard-to-make precision parts in light alloys 
of aluminum and magnesium for customers in the automotive and aircraft fields. 

Then word got around in other industries that Thompson had the experi- 
ence and facilities to cast light-weight, strong, heat-resisting alloy parts in 
permanent molds and high pressure dies—which eliminated the weight 
problems of ferrous counterparts. One by one manufacturers of widely 
different products came to Thompson for help and advice when they learned that 
the close tolerances achieved by Thompson cut machining and finishing costs. 

Today, our capacity is channeled to top-rated jobs. We're building additional 
facilities as fast as possible and, in the meantime, Thompson services, as 
always, are at your command. Our entire staff of creative engineers is ready 
to help you plan new parts or re-design old ones for the future. 


YOU CAN COUNT ON... 


Thompson Products, Inc. 


2269 Ashland Road + Cleveland 3, Ohio 
LIGHT METALS DIVISION 
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by 


than you thought you could! 


and parts of all kinds. 
making tough, strong, > 

j ; , 
reuijorced plastics as 


large as 5’ x 7' x28 


135 South La Salle Street .- 
Phone: Financia! 6-4100 


















You may be able to do more with } 


American, we're working with manufactur 
who never before had considered plastics 
Old limitations of size, st ape an 
being removed. New design possibilitie s and 


ling are adding saleability t 


sy taking full advantage of equipmen 


PLASTICS DIVISION 


General American Transportation Corporation 
Chicago 90, Illinois 


This 2.000 ton compression 
press olds a complete con- 
e television cabinet every 


few minutes, 


injection pre SSeS produce 
in one shot a complete 


inner door panel for a 12 


yrced plastics 
we ve peer able to improve old 
products, mold many new products as well 


fry 
du tion costs tor customers. 


as cut production 
We'd like to help you see your ideas take 
form in plastics corre: tly applied 


See General American for 
plastics molding 






















and precision deep-drawing... 


Eastern Tool & Mfg. Co. has complete production equipped and experienced in large volume metal 
facilities for the automatic manufacture of a wide finishing operations. 
variety of sizes and designs of the items illus- 


trated above. Our plating department is fully Our deep-drawing facilities are now devoted 


exclusively to the manufacture of ordnance com- 
ponents with up to .001” wall tolerance. We wel- 
Send for your copy of the new 24 come inquiries from interested manufacturers. 
poge Eastern Tool & Mfg. Co 
descriptive booklet No. 100, 
the story of ovr background 
- ond services 


i . 
_\ stamprmre 


ae Eastern Tool & Mfg. Co. 


= 


"a 4 


s 


® Belleville 9, New Jersey 
> 


Wire Forming + Metal Stamping + Deep-drawing 
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MAGNESIUM and ALUMINUM DIE CASTINGS 


OFFER SAVINGS- 
VERSATILITY and 
FREEDOM of DESIGN 


More and more channels are now open to manufacturers for the application 
of die cast parts in magnesium or aluminum. These tough, durable, and 
mechanically strong metals afford many advantages. In addition to their 
availability, production costs can be lowered and great savings in weight of 
products effected. By die casting with these new lightweight alloys, greater 
scope is offered to the engineer and designer for the development of ideas. 
The versatility of uses is partially indicated by the illustrations here of a few 
of the magnesium and aluminum die cast parts produced by LITEMETAL. 


Close tolerances inherent in 
pressure die castings often 
completely eliminate and 
always minimize produc- 
tion machining operations. 
‘Aluminum and magnesium 
die casting alloys may be 
die cast to the same degree 
of accuracy because they 
have approximately the 
same casting temperatures 
and equivalent shrinkage 
on solidification. 


Comparatively simple dies 
can be used to die cast 
parts at lowest cost and 
great savings are effected 
in labor otherwise required 
for machining and finish- 
ing—(most of the holes are 
cored) —through this pre- 
cision method for produc- 
ing an immense variety of 
parts. 


While die castings are fre- 
quently used without any 
further finishing, they can, 
when appearance is impor- 
tant or desirable and addi- 
tion surface protection is 
necessary, be given a wide 
variety of surface finishes, 
including mechanical fin- 
ishes, chemical finishes, 
electrolytic coatings and or- 
ganic paint finishes. 


LITEMETAL DICAST, INC. is an organization of specialists—men thoroughly experienced 
in the casting and machining of magnesium and aluminum alloys. Our equipment in- 


cludes big machines for big jobs—little machines for little jobs . . 


. the right sizes and 


types of the most modern die casting equipment for producing parts from the size of a 
button to large cable spools. Complete facilities for secondary operations are also 


available. 


=>” 


Write today for literature and design information. 
Quick action on inquiries. 


LITEMETAL DICAST 


Inc. 



































WIRE SPOOL ‘% 


OFFICE MACHINE 
HOUSING 


ruthie) te) -118 3 
ENGINE 
PART 


WINDSHIELD WIPER 
HOUSING 









A DIVISION OF HAYES INDUSTRIES 


WILDWOOD AVE. . JACKSON, MICHIGAN 


PLANT AND EXECUTIVE OFFICES 


1921 


OPTICAL 
HOUSING 


LAWN MOWER GEAR 
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LADDER HARDWARE 
¥ AIRCRAFT 
PART 
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CUT COSTS 


atth the Or tginal Mead 


MIDGET 
AIR CLAMP 


( Se ung Retuin bir €ylinder) 


In assembly jigs and other multiple appli- 
cations, this new, low cost pressure unit 
saves countless man-hours. As a work- 
ejector in many fixtures, it is unexcelled. 


Advantages over 
mechanical clamps 


a All Air Clamps in any set-up can be operated by 
a single master valve—the “lock-up” and release 


of assemblies is instantaneous. 


2 May be installed in cramped corners difficult 
to reach with bulky mechanical clamps. Mead Midg- 
et is the most compact air cylinder, for its power, 
on the market. 


3S Equal ram pressure at any point along stroke, 
making special, delicate adjustments unnecessary. 


4 Independent group control. Any desired group 
of “Midgets” can be controlled independently of 
any other group in an assembly—as where primary 
members of the fixture must be locked up before the 


secondary members. 


5 Facilitates delicate drill operations. Air Clamps 
actuated by foot control valves leave operator's 
hands free to handle the work pieces. 

Send for all the interesting facts on these time-tested. 
superior Vidget Air Clamps. 


MEAD SPECIALTIES COMPANY 


4114 North Knox Avenue + Dept. PE-103, + Chicago 41, Illinois 
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IMMEDIATE 
DELIVERY 


Single-octing cy! 
inders delivered 
from stock; dow 
ble-acting ina few 


doys 


NMEAD 


AiR OPERATED DEVICES 


@>(-2-§3 mie 6)-s 
26 y— _ aA “SY Ss 



























J+ 


S oe MODEL V-1 Tol i 





Specifications: Power factor, .8 times 


” 
line pressure, stroke % , bore, 1". 
be - 
= ion LM a 
‘ ‘ 
= = 
c {Ti . ; ~ / — 
COT HH} t +B L ; € > {@)> a) 
4 — = 4 
= ._ oi 


MODEL H-1 ° 


VYlew MEAD INDUSTRIAL 
AIR POWER CATALOG 








ski 


“Pome tabeee” - 


a 







— 


Wemo Coupon y & 
MEAD SPECIALTIES CO. 
4114 N. Knox Ave., DEPT. PE-103, Chicago 41, I!! 


Send free copy of new colored MEAD INDUS 
rRIAL AIR POWER CATALOG deser ’ 








bing he 


complete line of fan Mead air-operated dev 
Name 

Company — > 
Address 

— Zone Stote— =_ 






















to help you design. 
for 


*LIGHTER WEIGHT 

*CLOSER TOLERANCES 

© GREATER STRENGTH 
®*EXTRA DURABILITY 

© VIBRATION RESISTANCE 
©STREAMLINED APPEARANCE 
*SEAMLESS CONSTRUCTION 
Deep Drawn Parts *LOWER COST 





a few typical 





Pressed Steel Tank Company 


has the experience 































We've had more than 50 years of specialized experience in design- 
ing and manufacturing Hackney Deep Drawn Shapes and Shells for 
hundreds of manufacturers. We’ve made them in capacities from 
1 quart to 110 gallons—with inside diameters from about 3 inches 
to 32 inches. We’ve worked with 
steel, stainless steel, nickel, alumi- 
num, magnesium, copper, bronze 
and various alloys. 


and the equipment 
We're equipped to manufacture 
complete component parts, ready 
to assemble into your finished 
products. Our facilities include 
press shop, draw shop, automatic 
welding, controlled heat treating, 
pickling, machining, testing, gal- 
vanizing and tinning, and spray 
painting. 

Send us a sketch of your parts 
requirements! 

Our engineers will be glad to 





The Press Shop—where flat metal blanks 
are formed into cups, the first step in man- 
special shapes and parts youneed. —ufactwring Hackney Deep Drawn Parts. 


work with you in designing the 





Pressed Steel Tank Company 


Manufacturer of Hackney Products 

1434 S. 66th St., Milwaukee 14 @ 1312 Vanderbilt Concourse Bidg.,N.Y.17 @ 223 Hanna Bidg., 
Cleveland 15 @ 936 W. Peachtree St., N.W., Rm. 123, Atlanta 3 @ 208 S. LaSalle St., Rm. 777, 
Chicago 4 @ 565 Roosevelt Bidg., Los Angeles 17 @ 18 W. 43rd St., Rm. 32, Kansas City 11 


CONTAINERS FOR GASES, 
LIQUIDS AND SOLIDS 
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CASTINGS 


‘ 7” 
ad fag : 





LARGE or SMALL 


pecialized equipment for best quality at 

lowest cost .. . including high-speed auto- 
matic machines for small zinc castings (right) 
Long service to many leading manufacturers 
Send prints or samples for quotation—engi 
neering advice at no obligation. Literature on 
request. Dollin Corp., 629 So. 2Ist St., 
Irvington 11, N. J 


Sales Offices: Boston + Buffalo + Canton + Chicago « Detroit + / 
Philadelphia « Pittsburgh «+ St. Louis « St. Paul 
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REGAL PLASTIC’S 
specialized service 





works for you... 


design development and engineering 
from development 


> se Regal services may start from scratch with your original idea to be 
to finished é 


developed, designed and engineered. If you already have a design, 


part, assembly Regal will check your drawings and offer design suggestions. 


Regal designers will restyle an outmoded, dull appearing, heavy 
re) s eyaeleltlay or bulky product more attractively. The parts will be designed to 
use the plastic with the characteristics and properties that best meet 


specifications. 


selecting the right plastic 


The function of the product dictates type of plastic to be used. 
Experience qualifies REGAL to select proper thermoplastic to meet 
requirements. Typical of the plastics REGAL uses for parts, assemblies 
or products are: 

ROYALITE .. . a pioneer in the fabrication of this decorative, yet 
tough, synthetic composition, REGAL achieves results that are impos- 


sible with molded plastics. Highly resistant to water, stains, severe 





bumps and abrasion, it is produced in rigid or flexible types, available 
in standard colors . . . thicknesses from 1/32 to 1/2 inch . . . and 
in attractive, leather-like, grain finishes. 

STYRON EXTRUDED SHEET ... a high impact, rigid, tough plastic 
that can be fabricated into large area parts, such as refrigerator door 
liners. (Tools and dies needed cost only 10% of amount required for 
injection molding of such items.) STYRON is successfully used fo 
breaker frames, ice cream cabinet lids, evaporator doors, drain troughs, 
condensate trays, air-conditioner housings. 

PLEXIGLAS or LUCITE . . . attractive, versatile . .. used for 
transparent demonstrators, signs, trays, dispe nsers. 

CUSTOM FABRICATIONS . . . standard products fabricated to order 
in laminated phenolics, cellulose acetate, butyrate, ethyl cellulose, 


vinyls and styrenes, as well as re-inforced Fiberglas. 


fabrication operation 


REGAL fabricates plastics from customer’s designs or from designs 
engineered by REG & No job too large or too small. RI | AL has the 


skill and facilities to execute a wide range of operations on a production 


line basis. Forming, drawing and bending; stamping, blanking anc 
piercing; finishing, sanding and buffing, machining, milling, turning, 
drilling, sawing and tapping; assembly, cementing, heat welding, 


riveting and bolting; decorating, silk screening, engraving and spraying. 


Illustrated: (A) Royalite Dictaphone Case. (B) Plexiglas 
Drink Dispenser. (C) Styron Door Liners. (D) Fiberglas Cases. 


NEGAL PLASTIC COMPANY: Kansas city 27, missouri 


PLASTIC PFABRIOCATORS TO THE NATION 
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Size OOBLC Screw Driver 
quickly drives #10-32 round 
head screws on a household 
ironer assembly 


A Size OOAMC Screw Driver 
makes quick work of driving 
#10 screws 1%” long to at 
tach the spring mechanism on 
a rocking chair. The wood in 


volved is alder; not pre 


with 


Ingersoll-Rand 
Here a Size OOOBLC Screw 


Driver is used to assemble . 
clocks. The job consists of 
driving Reed-Prince screws 


More production in auto plants! . . . More pro- 
duction in an electric clock factory! . . . More 
production on a farm equipment assembly line! 

. More production of oil burners, metal prod- 


46 7 ucts, home appliances, and products of every 
S| es of air kind and description. 


powered screw drivers are 





available with attachments The credit? Ingersoll-Rand Air Powered Screw 
to drive any type of Drivers—with features that make it the world’s 
an dee dale tei threaded fastener best! The “Cushion” Clutch .. . amazing IR 
speeds the installation of the Reversible and non-revers Mu!ti-Vane Air Motor . . . Torque Limiting 
ae tal an an Baleetine ible models, also angle Clutch . . . and many other design points 
Assembly line screw drivers enable operators to turn out more jobs with 


less effort. 


TRY ‘EM AND SEE! Phone or write your 
Ingersoll-Rand office today for details. No obligation. 


ngersoll-Rand ieitealineelaines 
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Electro-Sealing Service — 


Provides the design, enclosure, base, 
brackets and terminals. 


Assembles, wires and seals your com- 
ponent in an atmosphere of dry, inert 
gas. 

Evacuates enclosure by high-vacuum 


system and thoroughly tests for leaks 
by means of mass spectrometer. 


In addition to volume production, pro- 
vides small quantities for engineering 
samples or for limited production 
schedules. 


Invites you to send complete engi- 
neering information and samples of 


parts to be hermetically sealed. 


Electro-Seal Corporation 


946 North Avenue, Des Plaines, Illinois 
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LMOST every one of the small parts shown in 
these photographs has a case history that 
should interest a manufacturer or buyer of compon- 
ents. With some, its a matter of cost; in others the 
vital factors were close tolerances, high initial cost, 
or delivery. For example, take the three parts shown 


below, all of which are shown in the photographs: 


ZA ) Precision Molding Met 
Quality Standards 


Making the thin-walled wire coil form out of nylon 
plastic was successfully performed by Standard 
Plastics, Inc., on special equipment developed by our 
engineers for this work. We now make these parts 


in various sizes for several manufacturers. 


The self-lubricating property of nylon offered a 


Nylon Plastic Part 
Outwears Steel 


happy solution in the designing of the ratchet shown 












Molded Nylon Parts 
Made to Close Tolerances 
with Large Production or Small 

Pilot Runs 


TRY OUT YOUR IDEAS WITH PILOT RUNS AT SMALL COST 


We regularly make sample runs of small nylon parts with a 
die cost one-tenth that of ordinary custom molders. You can 
give your product a market test with true molded nylon com- 
ponents, which can later be produced in quantity at even more 
attractive prices. Address your inquiry to: 


STANDARD PLASTICS CO., INC. 


62 WATER ST., ATTLEBORO, MASS. 
Telephone Attleboro 1-1940 


f 
6 §. ' 


above. Molded at a 55% saving over machining, it 


shows no sign of wear although, due to its location 


in the assembly, it cannot be lubricated. 


Molding Saved 95% 
Over Machining 





Because we could mold to close tolerances this 
nylon part was produced at a saving of 95% over the 


cost of machining. 


For over six years we have specialized in the 
custom molding of small nylon parts where the closest 
of tolerances are required among such parts as bear- 
ings, bushings, bobbins, coil forms, and gears. The 


pictures show the variety of shapes and sizes. 


The success we have achieved in this line, we at- 
tribute to our special dieing and to the special equip- 
ment built in our own plant. This set-up allows us to 
hold to designed measurements often beyond the 


possibility of regulation injection molding machines. 


eS 








a 


















IN DIE DESIGNING 
R-B standardized retainers are avail- 
able in three shapes and many sizes, 
and where necessary, R-B special re- 
tainers can be supplied. You save “time 
on the board” because you are working 
with standardized equipment. 
TOO! TANDARDIZATION | 


THE AC 


ARD Di N FEATURES 


THAT 


instant removal. 


Hou They Save Time 


IN DIE CONSTRUCTION 
R-B punch and die retainers and special 
retainers are quickly, easily and accu- 
rately mounted without special ma- 

chining. With them, you can save much 

of your skilled die-makers’ time. 
S THE BASIS FOR EFFICIENT AND £ 
CEPTED STANDARD OF THE SHEET ME 
SAVE IN ENGINEERING, DIE CONSTRU 


R-B punches (A) and die buttons (B) are locked in standard 
or special retainers (C) which are mounted on the die 
shoes. A spring-loaded ball lock (D) produces positive 
radial alignment and vertical locking; no additional key- 
ing is necessary regardless of the size or shape of the 
punch, Up to 4%” stock can be pierced. R-B punches and 
dies are easy to insert; push and twist and they're locked. 
They're easily removed, too. Retainer holes (E) provide 
for insertion of tanged tool which releases ball and allows 


NIC AAT 


RICHARD BROTHERS PUNCH DIVISION 
ALLIED PRODUCTS CORPORATION 
DEPT. 63 e 12639 BURT RD. e DETROIT 23, MICHIGAN 


Please send me additional information. 


NAME 
COMPANY 
ADDRESS 


CiTy_ 
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et 








IN DIE OPERATION 


HERE’S WHERE YOU REALLY 
SAVE. R-B punches and dies cut press 
down time for replacement to a mini- 
mum. They’re instantly removed 
quickly changed—yet accurately aligned 
when locked. 


AL PR 


stlso Produced tn 
OTHER ALLIED PLANTS 
SPECIAL COLD FORGED PARTS 


STANDARD CAP SCREWS 
PRECISION GROUND PARTS 


SHEET METAL DIES 
MADE OF FERROUS ALLOYS, 
ZINC ALLOYS OR PLASTICS 


Product Engineering — 1954 Annual Handbook 








PRECISION 
DIE CASTINGS 


can do this 
FOR YOU 


REDUCE COST of component parts and 
end products. 


REDUCE OR ELIMINATE ASSEMBLY COST 
by combining several parts into 
one die casting. 


REDUCE WEIGHT of component parts 
and end products. 


IMPROVE APPEARANCE of your product. 
IMPROVE PERFORMANCE of your product. 


HERE’S HOW... 


:] 














i 


LARGE CASTINGS 


Makes possible use of die castings for prod- 
ucts which, if cast by other methods, would 
cost considerably more 


By proper design, can be made stronger and 
more rigid than by other production methods. 


Makes possible the combining of several 
small parts, reducing or eliminating assembly 
costs. 

Recent developments prove die castings by 
Precision can do tough jobs where functional 
stress is involved 


COMPLICATED CORING 


. Reduces subsequent machining operations. 
. Combines several parts into one die casting. 


. Makes possible low-cost production of intricate 
parts in quantity 


EXTERNAL THREADS 


1. Reduces subsequent machining operations. 


2. Makes possible the use of many parts “as-cast 



























































CLOSE TOLERANCES 


1. 











1. 


THIN SECTIONS 


1. 


INSERTS 


R 


Many die castings, particularly alumi- 
num, can be self finished. (e.g., Pol- 
ished Aluminum) 


. Die castings can be painted, oxidized, 


plated or self finished by polishing. 


. Precision can finish in any manner in- 


cluding precious metal plating. 


. Precision has complete plating and 


finishing facilities at the Kalamazoo, 
Mich., and Syracuse, N. Y., plants. 


Makes possible the production of parts 
where rapid heat transfer or dissipa- 
tion is important. Combined with high 
heat conductivity of aluminum, makes 
possible many products at low cost and 
greater efficiency. 


. Helps designer achieve weight reduc- 


tion in product. 


. Reduces cost of many products as less 


metal is used. 


Inserts of any metal can be cast in die 
castings. 

Makes possible the production of com- 
pletely integrated parts — functional, 
electrical, structural, etc. 

Inserts can be cast in for functional 
and ornamental purposes. 


Die castings can be produced to ex- 
tremely close tolerances through rigid 
production control used at all of Pre- 
cision’s nine plants. 

Many parts are cast to such close 
tolerances that they can be used 
“as-cast.” 


. Precision’s close control of tolerance 


often results in the substantial reduc- 
tion or elimination of subsequent ma- 
chining operations. 


. Very often this close control of toler- 


ances reduces assembly time in your 
plant. 


















ON 


Design & Engineering Service 





Can belp yo./ 


4 Precision can be most valuable when called 
in when the product is in design stage. 


REMEMBER 


2. Precision engineering and designs are rated 
among the highest by those who know. 


3. Precision’s help in designing or redesigning 


parts for die casting can result in substantial 
savings for YOU. 


Call a PRECISION Eugineer 





PRECISION CASTINGS CO., Inc. 
212 Walnut St., Fayetteville, N.. Y. 


Syracuse, N. Y. * Cleveland, O. + Chicago, Ill. 
Kalamazoo, Mich. * Cortland. N. Y. 


British Affiliation — Wolverhampton Die Casting Co.. Wolverhampton, England 


























Newest creative tool for the design engineer... 


ok 


{ 
wy ee 
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Cover: Shown above being 
drawn on a 12” Cincinnati 


Hydroform. 4144” dia., 542” 
high with recessed top, drawn 
of .035” Type 305 stainless 
in one operation. 


Hydroforming brings to the design engineer a versa- 
tile, new production process for obtaining deep drawn 
and formed parts faster, easier and cheaper than ever 
before possible. 


Part drawings can be quickly transformed into actual 
part samples without the burden of excessive tooling 
and labor costs. A variety of materials and different 
gages can be tried, drawn on the same set of tools. 
Design modifications can be quickly and inexpensively 
incorporated into the part. 


A discussion of Hydroforming with your sales, engi- 
neering and manufacturing executives may prove of 
inestimable value to your firm. Call in a Cincinnati 
Milling field engineer. Bulletin M-1759-2 gives a de- 
scription of the Hydroforming process and specifica- 
tions of the five machine sizes. Write for your copy. 


mim Hydroform 


\ \ 


The Cincinnati Hyd [ 0 


Box: 444" wide, 444" deep, 
en ee ee 
aluminum in one operation. 







form 


~ 





4 


-_ 





Automotive detail: 842" major 
dia., 4” high, drawn of .037" 
stainless in two operations. 
The complex profile of this 
port was obtained in the sec- 
ond operation by use of a 
segmented punch. 


An aimost unlimited variety of shoper—sym- 
metrical and irregulor—can be formed. 


Any drawable materiat—ranging from plastics 
to high-strength alloys—in gages to %" stee!— 
can be Hydroformed. 


Fewer operations ore required. Most parts cre 
produced in a single drow. 


Tool costs are reduced 50% and more. Only o 
male punch and a simple draw ring ore required. 
Tools are frequently produced overnight. 


Part quolity is improved. High dimensional oc- 
curocy is maintained. Thin-out ond springbock 
ore greatly reduced or eliminoted. Surface 
finish of the material is unimpoired. 


Five standard machines, capable of drawing 
blanks 12”, 19”, 23”, 26", and 32” are avail- 
able. Maximum draw depth is 7” on the 12” 
mochine; 8” on the 19” and 23” machines; 12” 
on the 26” ond 32” machines. 





THE CINCINNATI MILLING MACHINE CO. 
CINCINNATI 9, OHIO, U.S.A. 











Here’s how 
SiiptceW" Molded Plastics 
meet requirements for: 
7 APPEARANCE 
~ PERFORMANCE 
wo STABILITY 
in Electrical Components 


4678 Fullerton * Chicago 39 


e are intere ted in Molded Motor Parts lectronic Parts | ] stom Plastics | __ 
w eres ' j E a j Cu $ 
at _ 


oWidwest Holding ano eManufacturing company 2 


Triple "M”" Electronents ivision 











Two Piece 
MMMolded Phenolic Case 
a 
MMMolded Nylon Terminal Strips 


\ MM Molded Nylon Switch Lever 


——-—— a al 





* 
MMMolded Nylon Bearing Rod 


ET 





Product Engineering — 1954 Annual Handbook 











No. 5! Sunnen 
Portable Cylinde 
Hones 


No. 50 Sunnen 
Honing Machines 








No. 55 Sunnen 
Tool Room 








May Help You Solve Your 
Production Problems on 


No. 58 Sunnen 
External Hones 


If your problem is how to meet newer, more exact 
specifications on bores and shafts, you'll want copies of 
these booklets. They tell you how alert manufacturers are 
improving their products by honing... making them 

last longer and run smoother and cooler... making higher 
speeds permissible . . . all by using Sunnen Honing to 
produce smooth, accurate bushings and bores, as well as 


spindles, shafts, plungers and similar parts. Sennen Honing 


Case Histories 


/ 


To: SUNNEN PRODUCTS COMPANY 
7986 Manchester Ave., St. Lovis 17, Mo. 


[ ] Please send me all 7 of the booklets. 


Use the coupon to get your free 
copies of these helpful booklets. 
No obligation. 
Please send me the following booklets: 
] No. 50 | No. 51 No. 505 No. 57 
No. 55 No. 58 No. 60 
Name 


_~ bile 
SUNNEN PRODUCTS COMPANY 


7986 Manchester Avenue’ « St. Lovis 17, Missouri 
Canadian Factory: Chatham, Ontario 


Company 
Address 
City 
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"Simplicated" Case Histories 


Selected from among some 200 
monufacturers who have taken the 
Titchener Test 





Saves Manufacturer $4,015! 


Design of new portable stove sub 
mitted to Titchener called for die 
cast burner grate. Tool cost for die 
casting quoted at $3,000 — estimated 
unit cost, 30¢. Titchener designed 
simple wire grate. Tool cost, $235 
unit cost, 25¢. Savings on first order 
for 25M — $4,015 





Wire Design Reduces Weight 75% 


The sheet steel motor mount shown 
at left was replaced by the Titch 
ener-designed welded wire-and-strip 
assembly at right. Result: Weight 
reduced 75%. Costs reduced. Avail 
ability of material improved Appeor 
ance much improved 
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That's the sole objective of the Titchener 
Test: To see whether a product—yours, 
for example—can be made simpler . . . 


lighter . . . cheaper. 


Here’s How The TEST Works 


Say the design of your product includes 
a casting or forging, stamping, tubing or 
sheet steel part. You send prints or a 
sample of the part to Titchener. A group 
of wire-forming engineers studies it from 
all angles . . . function, design, cost. If 
they find that wire can do a better job 
they'll submit drawings or a sample of the 
revised piece for your consideration. 
They'll also quote Titchener’s low price 
for mass-producing the part. If they 
honestly feel wire can’t improve your 


product, they'll tell you that, too. 


The Titchener Test costs you nothing 

imposes no obligation. It’s un- 
biased and confidential. Merely send 
print or a sample . . . describe your 


wants in a covering letter. 


Send for FREE Handbook! 


“Use of Wire Construction 
in Product Design” 





An illustrated 20- 
page technical hand- 
book sent free to man- 
agement, production, 
purchasing and engi- 
neering men. Write 
for your copy 





om §E€. H. TITCHENER & CO. 


Gooos : 
Meodquerters 8g | Clinton St. 


Binghamton, N. Y. 


Manufacturers of Wire Parts for Over 65 Years 
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Get Your Copy 
of the 
Annual 
HANDBOOK 
of 
Product 
Design 
for 1954 


If you aren’t already 
a Product Engineering 
subscriber, and you'd 
like to take advantage 
of this opportunity to 
get your own copy of 
this HANDBOOK as a 
gift, you can make use 
of the convenient sub- 
scription cards follow- 
ing pages B32 and H32. 

By mailing the card 
promptly. you will re- 
ceive this year’s HAND.- 
BOOK, plus _ twelve 
valuable issues of Prod- 
uct Engineering each 
year, PLUS a new 
HANDBOOK every 


November. 


There is no compara- 
ble editorial service 
available to product- 
design engineers. Don’t 
let another month go 


by ... subscribe now 
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» 
get all the facts about fo rg : ale, Seco 


in this new, detailed 
engineering handbook 
... write for your 


copy today! 


You'll find a wealth of information about Mueller Brass 
Co. brass, bronze and aluminum forgings in this new 
32-page illustrated engineering manual. It contains 
comprehensive charts and graphs, facts and figures that 
tell you what you want te know about design factors, 
tolerances and the chemical, mechanical and physical 
properties of the MBCo. forging alloys. Get your copy 
of this valuable handbook today . . . it’s yours for the 


asking. And for detailed information about Mueller 
Brass Co. aluminum bronze be sure to ask for your 
free copy of the Tuf-Stuf Alloys catalog. 

MU ELLER BRASS Co. PORT HURON, MICHIGAN 
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When 7 Parts 
are Reduced to l 


True it’s something of a record when 7 parts 
are combined to make 1... 
eliminating all except 1 reaming operation. 


PROOF POSITIVE 


The illustrated cam originally required 7 parts, 
individually machined out of cold rolled steel, and 
then assembled by brazing. 


ARWOOD ENGINEERS 
Redesigned the part to incorporate all 7 parts 
into one casting. What's more the alloy was changed 
to give improved service and longer life... 
all at substantial savings. 


WOULD YOU LIKE TO INVESTIGATE? 


Let our engineers show you how to apply 
the precision casting process in your indus- 
try, s© your company can also realize sub- 
stantial savings in money and production 
time. Drop us a line and we will have one 
of our sales engineers call on you. 


* 


If you would like further information about the process 
before requesting our representative, write for our booklet, 
“Alloy Selection and Design for Investment Castings.” 
We also recommend the book “Investment Castings for 
assembly) Engineers’, published by Reinhold Publishing Corp. 


ed Steel 


_ 90281 
\d Ro 
ne py ont 1 Shaft = faced a" 


4 slotted 





iV 
Oe gymned, Ot 
1) hait from . 


PRECISION CASTING Corp. 
68A WASHINGTON STREET 8’KLYN 1, N. Y. 


Plants: Brooklyn, N. Y. « Groton, Conn. « Tilton, N. H. 
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an easy way fo cuf your 


production costs 


OILITE does it— 
with FINISHED MACHINE PARTS 











No investment in machine Releases skilled manpower to 
tools other jobs \e 


No costly tooling programs No material supply problems 











FIELD ENGINEERS AND DEPOTS THROUGHOUT 
UNITED STATES AND CANADA 


Oilite Products Include: Bearings, Finished Machine Parts, 
Cored and Solid Bars, Permanent Filters and Special Units. 
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Here's how 
Twin City Castings 
CUT ASSEMBLY 
COSTS 


ov Brown and Bigelow’ 
Rediflame 
Gas Lighter 







You get more than castings 
that meet specifications from Twin 
City. Over 30 years’ experience has given 
Twin City Die Casting Co. the die-making 
ingenuity and casting know-how that not only 
holds castings to tolerances . . . but cuts pro- 
duction costs and HELPS MAKE SALES! 
Here’s how Twin City applied that experience to 
casting parts for Brown & Bigelow’s popular 
Rediflame gas lighter. 


THIS WAS THE JOB: 
Cast a light-weight desk model lighter body 
holding all tolerances. Every casting to be smooth 
and accurate to accommodate seals and “O” 
rings. Body to be built around two large oppos- 
ing cores. Eliminate shrink drop. Cast top and 
lever to specifications, lever to be plated. 


THIS WAS TWIN CITY'S ANSWER: 


All specifications were met and held. Rediflame 
body was cast in aluminum, lever and top in 
zinc. By working with the customer’s engineers, 
additional cores were included in the die to 
eliminate assembly operations. In other places, 
drill spots were cast. “‘O”’ rings sealed perfectly 
as required. 


HERE’S WHAT THIS CAN MEAN TO YOU! 
Twin City’s ability to work with your engineers 
to cut your final production costs . . . its years 
of experience and casting know-how can show 
real profits for you. Get all the facts, contact 

Twin City Die Casting Co., oldest die- 

casters in the upper Midwest. Let Twin 
City engineers demonstrate how experi- 
O ence can pay off for you. 


W 
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McGRAW-HILL 


TECHNICAL WRITING 


SERVICE 


TWS offers you a single 
INTEGRATED publishing 
service prepared to under- 
take a project from research 
and planning through fin- 
ished manuscript and art, 
typesetting, mechanical 
preparation, printing and 
binding. Whatever the situ- 
ation, whatever the type of 
literature you need, our edi- 
torial and art consultants can 
help you, bringing to your 
most specialized job the 
craft and skill of publishing 
experts. 


WRITING EDITING 
ILLUSTRATING 
PRINTING 


TO YOUR OWN OR 
GOVERNMENT SPECIFICATIONS 


Whether you need an in- 
struction book or service 
manual, to accompany your 
equipment, written to gov- 
ernment’ specifications . . . 

. or product catalogues 


or training booklets . . . or 
annual reports . . . or com- 
pany histories . . . our writ- 


ing staff can do the job for 
you, Our artists can create 
and execute the _ illustra- 
tions. And McGraw-Hill 
printing, binding, and paper 
resources are among the 
best in the country. 


SAVE MONEY AND TIME 


LET OUR STAFF BE 
YOUR STAFF FOR 


TECHNICAL and BUSINESS 


PUBLICATIONS 


ASK 
OUR REPRESENTATIVE 
TO CALL 


Write + Phone 


Technical Writing Service 
McGraw-Hill Book Co., Inc. 


330 W. 42nd St., N. Y. 36, N. Y. 


LOngacre 4-3000 
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If you want to see a “drawing board dream” take shape 


just turn a metal furniture or appliance designer loose who knows 


Van Huffel. Chances are he'll come up with an idea that will surprise 


you — but not us. We've become accustomed to making in all kinds 


of metal “impossible” shapes designers put on paper. 


TRANSPORTATION 





BUILDING CONSTRUCTION 


\antluffel Eg 


TUBE CORPORATION - WARREN, OHIO 











APPLIANCES 





COMMUNICATIONS 


where ideas take shape — 


ee 


for the industries that serve the nation 


———— 





i IF YOU'RE BENT ON | 
CUTTING COST CORNERS... 





STEEL TUBING 
IS ECONOMICAL and QUALIFIED 


MERE’S WHY! Avon thin wall steel tubing—"as welded,” hard 
drawn, or soft annealed—cures plenty of cost and production 
headaches .. . has successfully supplanted other types of tub- 
ing—copper, aluminum, brass and steel,—where reliability, 


performance and price all meet at the cross roads. VN 
Hundreds of diversified manufacturers specify Avon Fusion- y 





weld Steel Tubing for its clean, smooth O. D.. . . for its 
tensile strength, greater resistance to vibration and 
fatigue . . . extreme ductility and adaptability to the 
toughest tube forming operations . . . and for its hi- 
pressure tested advantages in hydraulic and pneumatic 
applications. 


Avon engineers can assist you in cutting cost angles— 
whether its in tubing by the coil, or by the car load. 


HERE'S HOW}? Avon Fusionweld is produced by our 
own exclusive, hi-cycle, resistance welding methods 
to provide tubing of superior quality to serve the most 
critical needs for bending, beading, flaring, coiling, 
slotting, threading, knurling, perforating and swaging. 
That spells lower cost forming. Fusionweld tubing is held 
to closer tolerances on wall thickness—that guarantees 















uniform strength, less scrap loss! 


The consistent tubular strength achieved by Fusionweld f , 
is due to its unique single wall construction .. . more 
uniform grain structure in both wall and welded areas. 
That insures maximum resistance to tearing, cracking or 
checking at the weld or wall. Its smooth O. D. achieved by 
. the new Fusionweld process likewise } 
provides an ideal surface for plat- 
ing operations. These features, 
coupled with approval by the 
leading testing laboratories, plus a 
constantly expanding list of prominent 
tube users is your positive safeguard 
when specifying Fusionweld—"The 
Tubing With a Future.”’ 
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%6" O.D. to %" O.D. Plain or Terne Coated | 
We can fabricate tubing forms to your specifications. 
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Catalogs 
and 
Bulletins 





Rec uest additional infor mation using 
e 
postcards following page 24 


(P-1) PRECISION ALUMINUM 
EXTRUSIONS—Precision Extrusions 
Co., Catalog, 96 pp. Under general in- 
formation it gives the advantages of 
the process, tolerances, and available 
alloys and specifications. Covers com- 
pletely: architectural, furniture, and 
standard moldings; structural shapes; 
and all shapes of tubing. Has illustra- 
tions, dimensions, and engineering data 
of all aluminum parts that can be pre 
cision extruded. 


(P-2) PICKLING—American Chem- 
ical Paint Co., Bulletin 13, 80 pp 
Completely describes the pickling pro- 
cess, action of the acids, preparation of 
the metal, operation of the bath, and 
suggested practices for the pickling of 
various parts and metals that can be 
processed by pickling 


(P-3) CASTINGS & PATTERNS 
Howard Foundry Co., Catalog, 72 pp 
Has many illustrations showing the 
production of aluminum, magnesium, 
semi-steel, bronze, brass, and electric 
alloy steel castings. Has full page 
tables on: conforming specifications 
nominal compositions and mechanical 
properties of aluminum base alloys, 
and similar tables for other casting and 
pattern materials 


(P-4)POWDER PRESSINGS The 
United States Graphite Company, En 
gineering Handbook G-53, 44 pp 
With the use of color diagrams, the 
method of producing powdered press 
ings is explained, and die design con 
siderations are made clear. One page 
illustrates “do's and don't’s” in the 
design of powder pressings. Other data 
includes tolerances, dimensional limi- 
tations bearings loads and permissable 
speeds and clearances for pressed pow 
der bearings, correct machining, the 
composition and properties of fifteen 
grades of both non-ferrous and ferrous 
powder pressings, and illustrations of 
pressed powder parts. Supplement A 
lists 132,000 different sizes and shapes 
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OH ydraulic Cylinders by 


Mullins Ko/d//o* Process are 
less expenstve ana better... 


because 


@ ROUNDNESS to within 0.001” 


f STRAIGHTNESS to within 0.002” 
ey 











CONCENTRICITY to within 0.005” total 


SMOOTHNESS—no “O”-ring wear 


| ad / 
“4 Koldflo Cylinders have NO TAPER 
and are made up to 42" long 


4 WO tg f ... and with integral bottoms 
Ming: 


Hydraulic cylinders are made by the Mullins Steel 


KOLDFLO* Process in one piece, coming from the 
presses with smoothness, hardness, strength and pre- 
cision never before achieved 

This process eliminates costly 3-piece construction 

and substantially cuts production costs. 
e In addition, hydraulic accumu- 
lators made by the KOLDFLO 
ss Process lose less pressure In per- 


formance tests Less pressure 


is lost because of the better 
“QO”-ring seal characteristics 

4 of the surface of hydraulic 
accumulators produced by this 
method 


s If you're tired of 3-piece tub- 

2, TH ing and casting cylinders; if 

(] Ge . . you want a round, straight hole 
with no taper; if you want 

BETTER CYLINDERS, 

write for your copy, Hydraulic 

Cylinders, Bulletin No. 2, 


today. 


Koldflo Division 
MULLINS MANUFACTURING CORPORATION 
SALEM, OHIO 
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CASTINGS 
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... KEY TO SAVINGS 
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Flared bronze bushings, centrifugally cast and finish-machined by Shenango. 


SHENANGO Centrifugally Cast Parts 
‘Tellee-Made’ to your specifications 


AS advantage you buy with every 
Shenango part is the assurance 
the part will give the longest possible 
wear... and if precision-machined 
you know it will fit 


by Shenango 


perfectly on delivery 


HERE’S WHY... 


(1) Shenango centrifugally cast parts 
aremorc uniformand pressure dense 
They are free from sand inclusions, 
blowholes and other often hidden 
defects. (2) You specify the type metal 


so the completed Shenango part is 


actually “tailored” to last longer on 


your specific job.(3) Modern machin- 
ing facilities and skilled workmanship 
give you semi- or precision-finished 
parts...precisely as specified, at 


minimum cost 


FREE BULLETIN No. 150 covers non- 
ferrous metals; Bulletin No. 151 cov- 
vers Meehanite Metal, Ni-Resist and 


special iron alloys. Address . 


SHENANGO-PENN MOLD COMPANY 


Centrifugal Castings Division 
Dover, Ohio 


Executive Offices: Pittsburgh, Pa 


ALL RED BRONZES - MANGANESE BRONZES + ALUMINUM BRONZES 
MONEL METAL + NI-RESIST + MEEHANITE METAL 











New Catalogs 
and Bulletins... 


are listed toward the 
end of every section of 
the HANDBOOK. 
These new reports 
from manufacturers 
keep you posted on 
everything newly avail- 


able to you. 


You can easily 
obtain new catalogs 
and bulletins... 


simply by filling in the 
convenient post cards 
following page 24. 

These post cards also 
have spaces for you to 
indicate ADVERTISED 
PRODUCTS about 
which you'd like to 
know more. You will 
get the data you indi- 
cate directly from the 
manufacturer. Make 
use of these handy. 


postage-paid cards. 
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Services Available 
Designing * Engineering 
Die Making * Metallurgical Control 
Most Modern Die Casting Equipment 
Complete Machining, Polishing and 


Assembly Facilities 


A DIVISION OF.. 


DIE CASTING 


CHICAGO, ILL., 


small... large 


: simple. .. ntricate 


In zinc, aluminum or magnesium 


HiT TL 


Sw 


COUUG 


4535 FULLERTON AVE....BRIDGEPORT, CONN., 275 WARREN ST. 
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Destaco Toggle Clamps offer extreme fiexi- 
bility in fixture design, being adaptable to your work-holding 
problems in every field of mass production. Whether you're 
drilling, reaming, milling, bonding, welding or assembling, you 
get more production, fewer rejects and lower tooling costs 






















ALABAMA 
Dixie Type & Supply Co. 
930 N. 6th Avenve 
Birmingham 4 
ARIZONA 
Norman S. Wright & Co. 
2628 E. Washington 
Phoenix 


CALIFORNIA 
Normon S. Wright & Co. 
625 N. Alvarado Street 

Los Angeles 26 














Normen S. Wright & Co. 
2779 Folsom Street 
San Francisco 10 
GEORGIA 
Pye-Barker Supply Co. 
231 Pryor Street, S.W. 
Atlanta 3 
ILLINOIS 
George A. Rieke Co 
549 W. Washington Street 
Chicago 6 
INDIANA 










40 S. Senate Avenue 






Indianapolis 4 


KANSAS 
H-H Tool & Supply Co. 
111 W. 2nd Street 
Wichita 2 
MASSACHUSETTS 
F. H. Robertson Co., Inc. 
420 Broadway Avenve 
Maiden 48 













General Supply & Too! Co. 
, 


MINNESOTA 


Northern Machinery & Supply Co. 


2001 Washington Ave. S 
Minneapolis | 
MISSOURI 
Ernst Machinery Co 
1606 Oak Street 
Kansas City 4 
H. O. Monahon 
1007 Yale Avenve 
St. Lovis 17 
NEW YORK 
Acme-Danneman Co.., Inc. 
3 Lafayette Street 
New York 12 
Root-Neal Co 
64 Peabody Street 
Buffalo 20 
Fink Too! Co 
80! Meigs Street 
Rochester 20 
M. J. Kelly Supply Co. 
323 E. Water Street 
Syracuse |! 
OHIO 
F.N. Cuthbert, Inc 
2909 Detroit Avenve 
Toledo 10 
Die Supply Company 
1400 Brookpart Road 
Cleveland 14 
Die Supply Sales Co 
311 Vermont Street 
Dayton 4 


OREGON 
Norman S. Wright & Co 
1932 S.W. Water Street 

Portiand | 


DETROIT STAMPING 
320 MIDLAND AVE. + DETROIT 3, MICH. 


when you specify Destaco fast acting toggle clamps. 

Destaco clamps are precision made, with reamed bearing 
holes and hardened pins; series 210, 220, 228 and 240 now 
have full length hardened bushings, for years a feature of our 
heavier models. Eliminating elongated holes and sloppy action, 
Destaco gives you precision alignment and smooth, fast, 
powerful action—from the first part to the last. Fool-proof, posi- 
tive locking and release—no cams—and friction-relieving offsets 
in handles and links. Cold drawn solid bars, forged portable 
clamp jaws and handles. Many accessories for adapting to vary- 
ing fixtures and production. Pressures up to 4000 pounds. 


Call our stocking representative listed below for assistance with your tooling 
problem or ask for 36-page catalog describing over 45 models. 


PENNSYLVANIA 
Paul J. Fleming & Son 
907 W. Wagner 
Philadelphico 4! 
TENNESSEE 
Mr. Ralph Landrum 
1107 Granada 
Nashville 6 
Lewis Supply Co 
477 S. Main Street 
Memphis 2 
TEXAS 
Tool Supply & Engr. Co. 
1901 Canton Street 
Dallas | 
WASHINGTON 
Norman S. Wright 
125 S. Stevens 
Spokane 4 
Norman S. Wright & Co 
233 Ninth Avenue, North 
Seattle 9 
WISCONSIN 
Triplex Supply Co 
830 N. Third Street 
Milwaukee 2 


ONTARIO 
Williams & Wilson Ltd 
11 Front Street, East 
Toronto | 
Williams & Wilson Lid 
1465 Tecumseh Bivd., E. 
Windsor 
QUEBEC 
Williams & Wilson Ltd. 
544 Inspector Street 
Montreal 3 


COMPANY 
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of bearing and bushings for which 
this company has die sets already avail 
able. This supplement must be re 
quested specifically 


(P-5) DIE-LESS DUPLICATING 
O'Neil-Irwin Mfg. Co., Catalog 52-19, 
34 pp. Describes a line of power equip- 
ment for long run production opera- 
tions. Covers: benders; hydra-power 
bender; rod and power parter; power 
Shear; notcher; punch press; power 
matcher and punch press; standard, 
finger, and radius brake; and roller 


(P-6) MINERAI INSULATED 
WIRING General Cable Corp., 
Booklet, 24 pp. Entitled, “Safety Min 
eral Insulated Wiring System’’, it con 
tains a complete history and an ex 
planation of its advantages and applica 
tions. Photos of installations and com 
plete specifications are included 





(P-7) HARDENING STAINLESS 
STEELS—Lindberg Steel Treating Co.. 
Booklet, 24 pages. Gives a complete 
story of the malcomizing process for 
surface hardening stainless steels. Con 
tains 26 illustrations and tables telling 
what the process is, what it does and 
how it works. Discusses types of steels 
that can be treated, cas« depth, wear 
resistance, and stability at elevated 
temperatures 


(P-8) WIRE FORMING Eastern 
Tool & Mtg Co., Booklet. 24 pp 
General information on wire forming: 
wire loops and slides: metal stamping 
deep drawings; and plating and finish 
ing. Has illustrations of facilities and 
products made 


(P-9) WELDMENTS & CASTINGS 

Acme Tank & Welding, Booklet, 24 
pp. Entitled, “The Facts About Weld 
ments and Castings,” it is directed to 
the manufacturers and designers 
heavy machinery, equipment, and com 


ponents. Gives facts on steel plate fab 


ngs. Has 


o! 


rication as compared to cast 
many illustrations 


(P-10) METAL STAMPING PROD 
UCTS—The Crosby Co., Booklet. 24 
pp. Explains and illustrates methods of 
improving products, reducing the cost 
and extending service life. Has analyses 
of thirteen stamped parts and fabricat 


ed assemblies as exampk 


S 


(P-11) HELPFUL PUBLICATIONS 

The International Nickel Co.. Book 
let EA 92/18, 16 pp Lists publications 
on materials and the industrial fields 


to which they apply. Fields covered are 


aircraft, automotiv ceramics, diesel 
] 
electrical and electron rears, glass 
gears, gli 
marine, mining, paper and pulp, rings 
i c =) 


tubing, and machine tools. Also has 
sections on nickel brasses and bronzes 
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Every casting = is 
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cutting somebody’s costs 


Put i 


OVERS SKILL 


to work for you! 


} } } } 
s the better for Hoover's many ye 
isting experience 

the skill of Hoover 


) Siceh mmeoliloMmil-tiellitige 
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Specialists in the Vay | ; 
field of die castings prey Z 
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There’s a LAPEER 
Clamping Device to meet 
your every clamping need 


— unmatched for rugged use, 
dependability, speed and 
long service 


_-pTao-400 


Exhaustive tests in laboratory and years of practical use 
have made these LAPEER devices the choice of the leading 
manufacturers for applications in drilling, grinding, welding, 
and in all operations requiring fast and reliable clamping. 
Recognized as clamping engineers, we can give you much 
valuable assistance on any set-ups involving the clamping 
and holding of parts during processing. Let us help you; our 
engineers will gladly discuss your clamping problem at 
your plant 

Send for complete catalog. Templates (full, half und quarter size) on request 


Sales offices in principal cities 


KNU-VISE 


licee LAPEER MFG. CO. 


3058 DAVISON ROAD «+ LAPEER, MICHIGAN 


Dies 


ee ee " 


MPOSSIBUERD 


not with ARee 
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@ Rubber-to-metal, dipped, form-dipped, 
molded, extruded and die-cut rubber com- 
ponents for industrial production as- 
suring electrical and thermal insulation, 
noise and sound abatement, corrosion and 
these products and 
services enable ARco Engineers in providing 


abrasion resistance 


industry with economical solutions to “‘im- 
possible” production problems 
Your product will gain in quality — you can 
achieve greater economy by consulting 
ARco Engineers. Competent recommendations 
ere yours without obligation 


A WEALTH OF INFORMATION—FREE! Learn of 
the many advantages in quality, economy and 
service offered you by ARco rubber applications 
Send for this valuable material today 


/ AUTOMOTIVE RUBBER CO., INC. 
12558 Beech Road at P.M.R.R., Detroit 28, Michigan 
© 
ARCO RUBBER PROCESSORS 
4032 HOMESTEAD ROAD © HOUSTON, TEXAS 


ANYTHING CAN BE COVERED 
with russer — sy Alico MANUFACTURERS + DESIGNERS + ENGINEERS 





CENTRIFUGAL 
CASTINGS 


To seal Freon gas under pressure was a headache 
for one concern until they turned from washers 
made from porous sand castings to the use of 
leak-proof Non-Gran Spun Centrifugal Castings 
Rejects dropped from a costly 35‘; to practically 
nil. After four years the company continues to 
use Non-Gran Spun Centrifugal Castings. Take 
advantage of their greater resistance to wear, 
fatigue, shock and abrasion to lower your costs, 
improve your product. Request booklet, write 
American Non-Gran Bronze Co., Berwyn, Pa 
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Illustrated here you see a few typical examples of thousands 
of Steel-Weld Fabricated parts and assemblies produced 
and machined by Mahon for hundreds of manufacturers of 
heavy machines and other mechanical equipment. If parts of 
your product could be redesigned and produced to better 
advantage through Steel- Weld Fabrication, or, if you require 
a limited number of large heavy pieces, in which pattern costs 
are a consideration, you can turn to Mahon with complete 
confidence . . . personnel and facilities are available within 
the Mahon plant to do the complete job from drawing board 
to finished machining. You will find in the Mahon organization 
a unique source with complete ultramodern fabricating, 
machining and handling facilities to cope with any type 
of work regardless of size or weight . . . a source where 


skillful designing and advanced fabricating technique 


are supplemented by craftsmanship which assures a 
smoother, finer appearing job embodying every advan- 
tage of Steel-Weld Fabrication. See Mahon's Insert in 
Sweet's Product Design File, or write for further information. 


THE R. C. MAHON COMPANY 


DETROIT 34 MICHIGAN 





Write for your copy of “Advanced 
Powder Metallurgy" which de- 
scribes Sintaloy's unusual plant 
facilities. 


SINTALOY 
PING. Bice Crisis Compony, 
535 Hope St. Stamford, Conn. 


REYNOLDS ALUMINUM HANDBOOKS 
on 


DESIGN and FABRICATION 


ALUMINUM FORMING MACHINING ALUMINUM 

Describes accepted ALLOYS—Discusses alll 
practices for bending, phases of aluminum ma- 
forming, and drawing chining including avto- 
aluminum, matic screw machining. 


FREE: Single copies of 


these and other valuable hand- 


a books are free when requested 
on business letterhead. Other- 
wise the price of each book is 


one dollar. 

For a complete listing of hand- 
books in the Reynolds Library on 
Aluminum Design and Fabrica- 


HEAT TREATING ALU- tion, see Reynolds green insert 
MINUM ALLOYS—Ex- Section B. 

piains the methods and 

results of heat treating REYNOLDS METALS COMPANY 

suitable aluminum alloys 2598 S. Third St., Lovisville 1, Ky. 


REYNOLDS 9 ALUMINUM 


MODERN DESIGN HAS ALUMINUM IN MIND 


MINIATURE PARTS 


SHAFTS 

Low friction, long life, accurate, metal- 
lographic finish, and low cost. 
PivoTSs 

Micro-smooth instrument pivots. 
TUBES 

In diameters up to %” cut and formed 
in a variety of materials. Burr free 
cutting. 

PIVOT ~SETSCREW-NUT ASSEMBLY 

Low friction, rugged instrument type. 
Available in any quantity. Versatile. 
SHAFTS AND BALLS 

For sleeve type radial and single ball 
thrust bearings. Low cost. Extremely 
rugged. 

WELTON INSTRUMENT SOLDER PASTE 

A soft solder for hair springs, etc. No 
corrosion after soldering. 
WELTONOIL-TREATED BUTTONWOOD PITH 
For cleaning and lubricating 
instrument shafts and pivots. 














Service on Miniature Parts 
Centerless Grinding. Swaging. Thread Roll 
ing. Knurling. Burr-free Tube Cutting. Rod 
Cutting. Silver and Alloy Plating 


ENGINEERING ASSISTANCE ON ALL ITEMS 


on V. Johnson 
ENGINEERING COMPANY inc 
95 SUMMIT AVENUE * SUMMIT. N. J 
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only RICHARDSON 


offers this complete 
plastics service... 


MATERIALS \ 


DEVELOPMENT 
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;* 45 ™ : ~ =y 
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f POST-FORMING 





























SIX PLANTS 


| ofl Write for Illustrated Booklet, “LAMINATED INSUROK” 
Ta =a" < 
a mwaremmece, Fhe RICHARDSON COMPANY 
MELROSE PARK Sed FOUNDED 1858—LOCKLAND, OHIO 


“Sa. NEWNAN, GA. 2768 Lake Street, Melrose Park, Illinois (Chicago District) 


INDIANAPOLIS, IND. OGDEN, UTAH SALES OFFICES IN PRINCIPAL CITIES 
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BULLETINS 
on 
SHORT RUN 
STAMPINGS 


BULLETIN 10° 


















FEDERAL TOOL & MANUFACTURING (LO 


FOR. .. vesioners 
METHODS ENGINEERS 
PROCESS ENGINEERS 
PRODUCT ENGINEERS 
MECHANICAL ENGINEERS 
RESEARCH ENGINEERS 
SUPERINTENDENTS 
PURCHASING AGENTS 





SERVICES BULLETIN NO. 161 describes the facili- 
ties that make Federal a one-stop stamping 
service. Specifications cover special die stamped 
wrenches, nameplates, and quality short run 
stampings from any stampable material. 


COSTS BULLETIN NO. 101 shows how Federal's 
special dies give the accuracy, exact dupli- 
cation, and tolerances of permanent dies plus 
saving as much as 80% on die 


SEND FOR THESE HELP- 
FUL BULLETINS TODAY 


TOOL AND MANUFACTURING CO. 


oN 
4 3621 ALABAMA AVE. (ST. LOUIS PARK) 
MINNEAPOLIS, MINNESOTA 
QUALITY STAMPINGS IN SMALL QUANTITIES"’ 





“it’s easy 
to bend 
32 Page 


a new pro ae 
BENDING MANUAL 


by the originators of ‘’Die-less Duplicating” 


his instructive and authoritative booklet will quickly prove 
itself indispensable wherever bending is done or is needed. It 
brings you a veritable gold mine of tested, authentic bending 
methods applicable to any rotary type bender. The proper 
bending technique may frequently offer a new approach to 
an old problem by simplifying product design and cutting 
production costs 





The exact methods of producing various types of bends in a 
wide range of materials are illustrated, step by step, with 

over 90 diagrams and charts together with valuable 
~ tooling suggestions. 


/ You'll want a copy .. . 
f oe, Mail your request today. 





ron maces 
420 8th Ave 


24 «~~ 
“ess pupuc® Lake City, Minn 


pS 


JOTCHERS 





D72 Product 





Insuring Your 


PROGRESS 
THROUGH 
RESEARCH 


With industry finding it wise 
and profitable to invest much 
more every year in new product 
development and research, this 
recent Product Engineering report, 
“Insuring Your Progress Through 
Research,” takes on _ particular 
timeliness and value. 

Eight sections make up the re- 
port, with each section prepared 
by men who are experts in their 
fields. The important aspects of 
establishing and conducting an 
effective research program are 
covered in considerable detail. 


Subjects discussed: 


e Organizing for Industrial Re- 
search 

e Obtaining and Keeping Re- 
search Personnel 

e Policy Matters in Laboratory 
Design 

e Choosing and Evalucting Re- 
search Budgets 


e Patent Licensing Policy and 
Procedures 


e Independent Research Facili- 
ties 

e Government Research Data 

Thirty pages 50 cents a copy 

Write: 


Reader Service Dept. 


Product 
Engineering 


McGraw-Hill Building 
New York 36, N. Y. 
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— including 
@ STANDARD DRAWN 
CASES & COVERS 


@ SPECIAL METAL 
STAMPINGS 


@ SPECIAL COVER 
& CAN ASSEMBLIES 













-the complete guide to precision metal parts 


The new Hudson Handbook contains full engineering data and specifications on hundreds of 
standard cases and covers. All are craftsmen-made to provide a quick, economical solution to 
component problems. Keep a copy of the Handbook on file in your engineering and purchasing 
departments. Request yours now! 


-plan your production around Hudson — 


All drawn cases and covers in the new Hudson Data File are standard and 
orders are filled promptly from regular factory stocks. Quality metal stamp- 
ings are precision made to your exact specifications. For complete informa- 
tion on standard components, consult the Hudson Data File—for specifica- 
tion metal stampings, call or write Hudson for prompt service! Address 
inquiries to Desk 410. 







tara . 


HUDSON TOOL AND DIE COMPANY : INC 


118-122 SO. FOURTEENTH STREET, NEWARK 7, NEW JERSEY 
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ATLANTALLOY 


PLASTER MOLD CASTINGS CAN 
SOLVE YOUR DESIGN PROBLEMS 


PM itetabiclivoh’ 
provide 
machining tolerances, effecting definite 
in machining and other 

Atlantalloys are 
durability, and many 


NO. 
10 
YELLOW 
BRASS 


Atlantalloy 


strength 


plaster mold precision 


other advantages 


An all-purpose alloy for brush 
boxes, gears, levers, etc. Fine 
grain, clean, smooth surfaces 
assure tightness. Easily ma- 
chined. Free from porosity. 
Fatigue resistant. 


costly ops 


castinas 


non-ferrous castings casf to felaelilela® 


savings 


srations 


Ta alelaeiai-1aP4-1¢ Mm oh Amalie a) 





NO. 
ALUMINUM 
BRONZE 
Atlantalloy 


Excellent for gears and bear- 
ings. Strong, light, zinc-free. 
Highly resistant to corrosion. 
Machines well. 





NO. 


31 


High Tensile 
MANGANESE 
BRONZE 


Atlantalloy 


High strength engineering ma- 
terial for gears, valve bodies, 
electrical mechanisms, etc. Ex- 
tremely durable. No heat 
treatment needed. Can be 
cast in thin sections. 





NO. 


40 


High Strength 
ALUMINUM 
“Tenzalloy” 


Attains high strength through 
natural aging. Free from in- 
ternal stress and skin hardness. 
Ideal for machining. 





NO. 
ALUMINUM 
Atlantalloy 


Perfect as instrument alloy. 
Fully uniform with no internal 
strain. Can be used for accu- 
rate, thin-sectioned castings. 








for free copy of “Quality Pre- 
cision Castings for Industry.” 
Get full data on our plaster 
mold process and alloys. 


CLL ILKS 
CASTING and ENGINEERING CORP. 


HbA QUALI 
PRECS ion cas ngs 
for 


| nickel alloy steels, 
| stainless steels, nickel castirons, nickel 


chromium nickel 
plating, nickel alloy steels and others 


(P-12) CASTINGS—Meehanite Metal 
Corp., Bulletin 37, 20 pp. Devoted to 
a series of case histories showing how 
metals by this company have taken the 
place of cast iron and certain types of 
steels. Also has an alphabetical tabula 
tion of castings that have replaced 
critical materials. Gives properties of 
the various types of metal made by this 
company 


(P-13) HYDROFORMING—Cincin 
nati Milling Machine Co., Booklet M 
1759, 16 pp. Illustrations show each 
step in the process of Hydroforming, 
a method of drawing various shapes 
in all kinds of sheet metal with fewer 
operations. Each operation is explained 
Discusses the tooling; operating cycle; 
controls; and applications 


(P-14) GEAR CHECKING 
Tool Works, Booklet AD-21, 16 pp 
Shows apparatus, set ups, and testing 
for runout and side wobble, a diagram 
of an angular velocity test under load 
and chart, a worm gear rolling fixture, 
and a device for runout and size check 
ing 


Illinois 


(P-15) EXTRUDING MACHINERY 

The Standard Machinery Co., Cat- 
alog, 12 pp. Features the latest models 
of extruding and vulcanizing equip- 
ment for rubber and plastics. Also 
describes in detail complete installa- 
tions of assemblies for thermoplastic 
wire insulating and for continuous 
vulcanizing 


(P-16) VACUUM METALLIZING 

F. J. Stokes Machine Co., 
725, 12 pp. Describes in detail how 
applied to 


the surfaces of plastics, metals, glass 


Catalog 
this coating process can be 


paper, textiles, leathers and many other 
products. Covers pre-treatment, draw 
ing of vacuum, metallizing, and finish 
ing. All phases of the process are il 


lustrated 


(P-17) INVESTMENT CASTINGS 

Precision Metalsmiths, Inc., Book 
let, 12 pp 
possible uses for investment castings 
and the facilities available. Step-by-step 


Describes the range ol 


illustrations show the process of cast 
ing ferrous and non-ferrous alloys for 
parts ranging in weight from a frac 
tion of an ounce to more than 
pounds 


(P-18) FLAME PLATING—Linde 
Air Products Co., Booklet 8065, 12 pp 
Describes the features of flame plating, 
lists the prope rties of the coatings, and 
the results of the wear tests of flame 


721 Bloomfield Avenue e Clifton, N. J. e PRescott 9-2450 plated tungsten carbide coatings Ap 
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Superior skill lies behind aa 
of the pistol expert. ret eo 
sensitive to the weights an oe 
omits of his gun. Sights, a 
anism, the length and bore oO i: 
barrel—each has an ane Oe 
function—each is made wit 
accuracy. . 
“~ pistol expert eo 
be certain that the materials C ‘em 
trade are working for him ¢ 
with him. 


Add this Spee to 
Your Bloeorints 
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You can get 
this year’s 
HANDBOOK ... 


if you aren't a Product 
Engineering subscriber, 
by subscribing now to the 
leading product - design 


engineering magazine, 


~ «+ fabricated to 


ge ae Twelve 
your specifications ; ; 
| couraeee informative 
There’s no substitute for “accuracy” in the fabrication 


of Plate and Sheet Metal Products, nor is there a 7 ° S 
substitute for ‘experience’ in the shearing, forming \ 
and welding of metals. With Littleford you can be issue sealing 
assured of both accuracy and experience, in the pro- : . : : 
ducing of quality weldments Littleford fabricated ol Product Engineering 
Weldments have all the inherent strength and tough P 
ness to withstand shock, strain, vibration and severe r ar ill enable 
; " ve wi enabie you 

service. Littleford alse fabricates Tanks, Bins, Vats ; por ye : ' 
Panelboards, Hoppers, Louver Covers etc., from Mild 4 _ ' es  ewerv. 
Steel, Stainless, Aluminum, Monel and Nickel. Send . - to keep abre ast of eve ry 
blueprints f ost t 4 . . > 

ee on ne cy thing new in your field. 


Every month, this publi- 











cation delivers the au- 


thoritative editorial cov- 





erage which makes it the 





LITTLEFORD BROS., INC. 
508 E. Pearl St., Cincinnati 2, Ohio 


design - engineers  pre- 


Got a Fart Problem? se adine 


A new 


\. Oeeers HANDBOOK 


every year... 


~ S) aby ? . comes to you as an extra 


supplement to your regcu- 


gGevw2od # ——— 
CO Te we Use the 


See: ee subscription 


ital cards... 
Try Metal Powder Parts! ilivaiiny peg BEE ond 


Save time, mon n hin- j i i ‘ - 
e, money a d machin- of shapes in materials tailored H32 to start benefiting 

ing operations by using Metal to your requirements . . . fast 

Powder Parts. We work to close and at reasonable cost. 

olerances an r i st ail . -ditori 

olen me are equipped A ee est available editorial 

engineer and produce a variety on application of Metal Powder Parts service to you: Product 


immediately from the fin- 


Engineering and the an- 


Metal Powder Products, Inc. ak edie 


413 W. Fifth St Phone Michigan 0396 Dayton 2, Ohio 
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SCAIFE PRESSURE VESSELS WILL MEET 


Consider Scaife Company Water Heater Tanks for example. They're built 
to every customer's exact specifications . .. making use of Scaife Company's 
advanced production techniques that ensure dependability, uniformity and 
economy in every unit produced. 


Through continuous research, rigid quality control and over 150 years of 
manufacturing experience, Scaife Company is well fitted to develop top- 
flight pressure vessels in the quantities needed to supply your production line. 


Whether you require water heater tanks, ASME, or other code or non- 
code pressure vessels, you'll find Scaife Engineering skill and ingenuity 
can provide the answers to your problems. 


May we send you more detailed information on Scaife pressure vessels? 
Write: Sales Department, Scaife Company, 26 Ann Street, Oakmont 
(Pittsburgh District), Pennsylvania. 


SCAIFE 


OAKMONT (PITTSBURGH DISTRICT 
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YOUR SPECIFICATIONS 


k! 








TYPICAL USES FOR 
SCAIFE PRESSURE VESSELS 


® Tanks for Air Compressors 

® Tanks for Railroad Cars 

*® Tanks for Water Heaters 

® Diesel Engine Starting Tanks 

® Tanks for Pneumatic Control Systems 

® Hydro-Pneumatic Tanks for Well Pump 
Systems 

® Domestic Water Purification Tanks 

® Gas Cylinders and Tanks (ICC and 
ASME) 

® Tanks for the Plumbing Industry 





COMPANY 


PENNA 











NEW BOOKS 


Power Transmission 








Automotive Bearing Manual. 96 pp. 
8 x 10 in. Johnson Bronze Company, 
New Castle, Pa. $1. 


A well organized discussion of auto 
motive bearings, this manual starts 
with basic bearing considerations, and 
required bearing properties. Describes 
and illustrates all types of bearings such 
as: direct babbitted bearings; non-pre 
cision bearing liners; precision insert 
bearings; floating type bearings; cam 
shaft bearings; sleeve type bushings; 
and thrust washers 

All types of lubrication systems are 
explained with colored illustrations of 
each. Auxiliary systems and oiless sys- 
tems are also discussed 

The largest section of the book is 
devoted to automotive bearing care 
This sub-divided into the 
following groups: recognition of en- 
gine bearing difficulties; meaning and 
importance of precision; diagnosis of 
bearing difficulties; analysis of bearing 
failures; and correction of be aring dif 
ficulties 

Subjects like: replacement without 
shaft; rod and main _ bolt 
torques; and head bolt torques are also 
briefly discussed 


section 1S 


moving 


Non-Metallic Bearings. Published 
by The American Society of Me- 
chanical Engineers, 29 West 39th 
St., New York 18, N. Y., $2. 


This annotated bibliography contains 


101 selected references to the litera 
ture of the past twelve years. They 
over all aspects of non-metallic bear 
ngs such as their manufacture, de 


sign, properties, wear, lubrication, per- 


rormance, testing and applications 
particularly of bearings made of rub 
ber, wood, laminated phenolic plastic, 
resin-impregnated cotton fabric, mi 


carta, and nylon 


Design For Fine-Pitch Worm Gear- 
ing. Published by the American So- 
ciety of Mechanical Engineers, 29 
West 39th St., New York 18, N. Y., 


$1.50, 


A design procedure for worms and 
worm gears with axes at right angles, 
cylindrical with 
helical threads, the 


hobbed for fully 


omprising worms 


worm gear being 
tooth 


conjugate sur 


D7s 


faces. This standard gives the propor 
tions of worms and worm gears, values 
of diameter for all possible combina 
tions of leads and lead angles within 
the standard, and tooth proportions 
based on normal pitch for all combina 
tions of standard axial pitches and 
lead angles. An extensive table 
difference in departure from a 
straight side of the worm profile and 
the changes in pressure angle produced 


gives 
the 


) 


by cutters or grinding wheels of in 
and 20 in. diameters 


Mechanical Power Transmission 
Apparatus. Published by the Amer- 
ican Society of Mechanical Engi- 
neers, 29 West 39th St., New York 
18, N. Y. Paper B 15, $1. 


This differs from 
version in that it contains a 


1935 


the 
number of 


code 


modifications, clarifying statements 


and new requirements all designed 
for greater sarety 

Rules cover all moving pa 
equipment used in the 


transmission of power, including prim 


rts ol 


mechanical 


movers, intermediate 


ane 


Ce uipment, 


driven machines excluding point of 


operation. There are provisions for the 


safeguarding of all connecting rods 


cranks, flywheels, shafting, spindles 
pulleys, belts, chains, ropes, gears 
sprockets, drives, clutches, counter 


weights, reciprocating parts, bolts 


oil Cups and similat 


keys, set screws 


proje ctions 


Power Plants for Aircraft by Joseph 
Liston, Prof. of Aeronautical Engi- 
neering, Purdue University. 6 x 9 
in., 577 pages. Published by Mce- 
Graw-Hill Book Co., 330 W. 42 St., 
New York 36, N. Y. $8.50. 


Included are comprehensive com 
parisons of the many types or ict and 
reciprocating power plants, a funda 
mental analysis of the theoretical power 


| 


plant cycles, a comparison of actual 


ngine performanc with the theoret 


cycles, and a discussion of some of 
practical problems encountered in 
ope ration and testing 

Almost all the 
field that have declassified ar 
discussed, and within the limits of gov 
ernment 


ers the 


new advances in th 


been 


restrictions, the book consid 


basi principles of reciproc 


I 


ating 


Product 


engines, turbo jets, turbo props, ram 
rockets, and potential nuclear 
types. Review questions and problems 
are included after each chapter 


jets, 


Internal Combustion Engines 6) 
Lester C. Lichty, Prof. of Mechani- 
cal Engineering, Yale University. 
Sixth Edition. 583 pp, 6 x 9 in, Pub- 
lished by the McGraw-Hill Book 
Co., 330 West 42nd St., New York 
36, N. Y., $7. 


Contents of this text include: ther 
modynamics of analysis; the 
combustion process; air-standard cycle 
internal combustion 
analysis; fuels; combustion 
knock and knock rating; carburetion 
and fuel injection; manifolds and mix 


engine 


analysis; engine 


pr CCSS 


ture distribution; valves and_ valve 
mechanisms; ignition of the charge; 


lubrica- 
tion; engine cooling; engine perform 


combustion chamber design; 
ance; mechanics of principal moving 
parts; engine vibration and balance 


Aerodynamics of Propulsion 6, 
Dietrich Kuechemann, and Jo-Han- 
na W eber, 340 pages, 6 x 9 in. Pub- 
lished by McGraw-Hill Book Co., 
330 W. 42 St., New York 36,N. Y., 


$9. 


and 
this presentation is essentially 
practical with some theory in handling 
No detailed knowledge of general aero 
dynamics or of higher mathematics, 
other than differential calculus, is neces 
sary to understand the material 

Major types of propulsion systems 
Particularly 
and new is a detailed discussion of the 
aerodynamic aspects of the ducted air 
screw, the ram jet, 

Here in one 
much material previously unpublished 
or widely scattered. The topics include 
engine fairing, air intakes 
installation, and cooling. These are in 
cluded in order to extend the 
standing of flow phenomena and also 


Written for the designer 
dent, 


stu 


are reviewed interesting 


, 
and the turbo jet 


volume, is collected 


jet engine 
under 


with a view to practical use in aero 
nautical engineering 
Subjects which have 
other t 
screws, compr ssors, and tur 


ilready been 


ncluding air 


bine S are 


treated in xts 


touched upon briefly, or are presented 


in the light of new jet dat 
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SECTION fe) 


Power Transmission 




















Metals and Alloys 


Non-Metallic 
Materials and 
Finishes 


Fabrication 
and Production 
Processes 


Power . 
Transmission 


Mechanical 
Parts and Design 
Analysis 


Fastening and 
Joining 


Motors, Engines 
and Controls 


Electrical 
and Electronic 
Components 


Hydraulic 
and Pneumatic 
Equipment 








SECTION E 


Dynamic and Static Friction For 


Magnetic Particle Clutches 


Sheet Metal Gears, Sprockets, Wo 


} 


-POWER TRANSMISSION 


Cable-Pulley Systems 


rms and Ratchets 


Designing Gear Trains for Minimun 


Selecting Motor-Mounted Magnet 


Modified Geneva Drives and S; 


Effect of Dirty Oil on Bearings 


Brakes 
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Fig. 1—Curves of friction vs cable diameter for 200 lb cable tension and 90 deg cable bend 


SYSTEMS 


DEPENDING 


Dynamic and Static 


Friction Forces in 


Cable-Pulley Systems 


mally require an initial 
come the friction force 
by 

1) The rictior ot 


that 


upon 
cable combinations for operation nor- 


load to over 


bending 


iS Cause d 








cable around the contour of the pulley 
2) The friction of the ball bearings 
f the pulley 
3) The 


ng and digging 


friction of the cable twist 


into the pulley 
Once these forces have been iso 


ted known 


1 


la and aré a pulley-cablk 


Product Engineering 


system can be designed to operate at 


a maximum efficiency 


Bending of the Cable 


The single greatest source of 
able about 


the pulley and is responsible for th 


tion is the bending of the 


increase in friction with an 


in cable diameter for a particular pul 
ley, and the 


increasc 


increase in friction 


with 
a decrease in pulley diameter for 
Thus, the« 
and the 


specific cable flexibility of 


the cabl curvature are th 
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From: REPUBLIC AVIATION CORP. 


S1Z 


try 


TEST REPORT 


Friction is caused by cable bending, ball bearing load and cable twisting. Tables and graphs indicate 


magnitude of friction force and relation of force to pulley diameter, cable tension and cable angle. 


n th ! ( 
the sys 
Table | 
Oo n " 
ib] D | ind . n 
wi ns st 
nt. The | gl 
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ameter. Fig. 1 shows the increase of dy 


with decrea pull 








Table 


I—Relation 
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Total Dynamic 


Friction Force 






































Cable | Cable Angle of Wrap, deg 
Size (Tension 
I —, in. Ib 10 | 20 | 40 | 50 | 60 | 70 |; 80 | 90 | 100 | 120 | 140. 160 | 180 
Gi \ 
(+) 
1 Y \ ae = 3/32 50 | 0.24 0.44) 0.68] 0.70; 0.70) 0.70| 0.72 0.73] 0.75 78| 0.80 0.82 0 83 
7 100 0.45; 0.88 1.36 1.42) 1.42) 1.43) 1.43 1.45] 1.49) 1.551 1.60 1.62) 1.65 
— 
| 
I ia A 50 0 16, 0.25) 0.32; 0.33, 0.34; 0.35 0.37 9.38] 0.40! 0.42! 09 43 0.45 0.45 
100 0.31, 0.50; 0.65 0.66 0.68) 0.70 0.74 0.78] 0.80) O 84; 0.86 0.87, 0 88 
p } 3/32 150 0.47; 0.77; 0.97, 0.99 1.03) 1.07; 1.12) 1.16] 1.20) 1.25) 1 20 1.30) 1.32 
¥] 200 0.65; 1.02) 1.30 1.32 1.37) 1.42) 1.48 1.54] 1.58] 1.65) 1.70 1.77) 1.75 
9 Y Y 250 0.87; 1.30) 1.62) 1.67; 1.75) 1.83) 1.90 1 90) 2.00} 2.07; 2.12 2.16 2.18 
~* “ 
———S lO Een! cme ee eR ba —— << 
50 0.16 0.30) 0.44 0.45 0.45 0.45 0.47 0.50) 0.52] 0.55) 0.60 0.60 0.62 
100 0.32) 0.57) 0.87 0.92, 0.92) 0.95 0.97 1.00} 1.05) 1.12) 1.17 1.22) 1.25 
3/32 200 0.72) 1.22) 1.80, 1.87 1.90 1.95) 2.00 2.05) 2 12) 2.25; 2.35 2.40, 2.45 
300 1.07 1.85, 2.60 2.75 2.80 2.90 3.05 3.15} 3 25} 3.42) 3.55 3.62) 3 75 
400 1.50 2.50) 3.57, 3.75 3.80, 3.92 4.10 4.22) 4.35] 4.55 4 67 4.80) 4.90 
50 0.25 0.40 0.65 0.67 0.70 0.70 0.70 0.72) 0.77] 0.80) 9 85 0.90 0.90 
100 0.47, 0.80, 1.30 1.40 1.40 1.40 1.40 1.42) 1.50] 1.60 1.67 1.70 1.70 
. I 1/8 200 0.95 1.70| 2.55 2.70 2.70 2.75 2.80 2.90) 3 00} 3.20 3.30 3.32 3.35 
i , 300 1.50 2.60, 3.80 4.10 4.10 4.15 4.25 4.40) 4.50] 4.75| 4.90 5.00 5.00 
7" 400 2.00 3.45 5.20 5.45 5.50) 5.60 5.70 5.75) 6.00! 6.30| 6 50. 6.60 6.70 
¢ 50 0.32, 0.60 9.80 0.90 0.90 0.90 0.92 1.00) 1.02} 1.10 1.15 1.20 1.20 
Y 100 0.70 1.15) 1.65, 1.77 1.80 1.80 1.90 1.97} 2.00) 2.15) 2 22 2.30 2.30 
Y 5/32 200 1.40 2.35) 3.30 3.50 3.50 3.60 3.70 3.85) 4.00) 4.15 4 25 4.30 4.35 
300 2.15 3.50' 4.95 5.20 5 30 5.40 5.60 5.80) 6.00) 6 20 6 40 6.50 6.55 | 
400 2.80 4.70 6.70 7.00 7.10 7.25 7.50 7.80) 7.95) 8 25 8 50 8.65 8.80 
| 
50 0.40 0.70 1.05 1.15 1.15, 1.20 1.20 1.25) 1.30) 1.35 1 40 1.40 1.40 
100 0.85 1.45 2.10 2.30 2.35 2 40 2.40 2.50 2. 60| 2.70 2 80 2.80 2.85 
3/16 200 1.60 2.80 4.20 4.55 4.60 4.70 4.80 5.00) 5.15' 5.35 5 50 5.60 5 65 
300 2.30 4.10 6.35 6.75 6.95 7.05 7.25 7.45) 7.70' 8.00 8 20 8 35 8.45 
Be 400 3.20 5.70 8 50 9.10 9.30 9.45 9.7010.0010 20:10 6010 9011 .1011 30 
50 0.10 0.17, 0.20 0.22 0.22 0.25 0.25 0.27) 0.30| 0.30 0 30 0.30 0.30 
100 0.25 0.37, 0.43 0.45 0.45 0.47 0.50 0.53) 0.55 0.57\ 0 60 0.60 0.60 
3/32 200 0.45, 0.73 0.80 0.87 0.90 0.95 1.00 1.05) 1.07' 1.12 1.15 1.17 1.17 
300 0.73) 1.10) 1.27; 1.30) 1.37| 1.45) 1.50) 1.57) 1.63] 1.70) 1.75) 1.75] 1 75 
400 1.00 1.50 1.70 1.75 1.85 1.92 2.05 2.10 2.15 2.95 2.30 2.35 2.35 
500 1.30 1.90 2.12) 2.20 2.30 2.43 2.55 2.62! 2.70 2 80 2.87 2.92) 2.95 
50 0.15 0.22 0.27 0.27 0.30 0.32 0.35 0.35) 0.37\ 0.40 0.40 0.40 0.40 
é 100 0.32 047 0.55 0.60 0.62 0.65 0.70 0.73 0.75 0.80 085 085 085 
— j 1/8 200 0.67, 1.00, 1.15 1.17 1.23) 1.30 1.37 1.43) 1.50 1.55 1.60 1.65 1.65 
i 2 . 300 1.02 1.55 1.73 1.80 1.86 1.95 2.05 2.15 2.20 2.30 235 240 2.45 
400 1.40 2.05 2.30 2.35 2.45 2.57 2.70 2.80) 2.90 3.00 3.16 3.17 3.20 
500 1.83 2.57, 2.87 2.95 3.10) 3.25 3.40 3.50) 3.60 3.75 3.90 4.00 4.05 
- 
é 
{ 50 0.17 0.30 0.37 0.38 0.40 0.42 0.45 0.47 0.49 0.52 0 54 055 0.55 
100 0.40 0.65 0.75 0.80 0.83 0.87 0.90 0.95 0.97 1.03 1 05 1.07 1.07 
Y ~ Y 5/32 200 0.80 1.25 1.52 1.57 1.65 1.73 1.83 1.90) 1.95 2.03 2.08 2.10 2.10 
300 1.20 1.90 2.30 2.37 2.50 2.63 2.74 2.83 2.90 3.00 3.08 3.13 3.15 
400 1.67, 2.60 3.07, 3.15 3.35, 3.50 3.63 3.75| 3.83 3.97 4.08 4.15 4.20 
500 2.05 3.22) 3.80 3.95 4.17 4.37 4.55 4.67' 4.80 4.95 5.10 5.20 5.25 
50 0.25 0.40 0.55 0.55 0.57 0.60 0.60 0.60 0 60 0 60 O 65 O 65! 0 65 
100 0.45 0.75 1.07 1.07, 1 09 1.10 1.15 1.18) 1.20 1.30 1.35) 1.35) 1.35 
3/16 200 0 85 1.50 2.10 2.10 2.15 2.20 2 30 2.40 2.45 2.55 2.60 2.65 2.65 
300 1.35 230 3.15 3.20 3.25 3 35 3.45 3.60 3.70 3.83 3.90 3.95 4.00 
400 1.70 3.10 4.15 4 20 4.30 4.45 4.65 4.80 4.90 5.10 5 20 5.30 5.35 
1. 500 2.25 4.00 5.25 5 30 5.45 5.65 5.80 6.00 6.15 6.40 6.50 6.60 6.65 
ind Fig the increase in Bearing Friction be considered but for low speed pul 
with se of cable siz The bearing friction is caused by ley-cable combinations it can be con 
Che values of Table I are the total 1) the sliding contact between the sidered to be negligible 
lyna friction forces caused by balls and the separator pockets; 2) The isolation of the bearing fri 
uring and cable { on when the the internal friction caused by deforma tions are shown in Figs. 4, 5, and 6 
system is operating onstant speed tion of the balls and races under load for the various pulley sizes at various 
To find the total sta friction for ind 3) the slip that occurs in contact able tensions. Fig. 7 shows the maxi 
d the values from Fis to th is. For high speed applications a mum value of bearing friction at va 
d l [ h tor, wind ig Iriction, must rious cable te nsions. The increase in 
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7 POWER TRANSMISSION 


to Angle of Wrap (For various tensions and cable sizes) 





Angle of Wrap, deg 
Cable | Cable 


Size Tension 
in. lb 10 20 40 50 60 70 80 90 10 120 140 160 180 


50 0.10 0.15 0.17, 0.17| 0.17, 0.19 0.20 0.22 0.24) 0.25 0.25 0.25 0.25 
100 | 0.17 0.30 0.34 0.35) 0.37) 0.39 





0.41 0.43 0.45 0.47 0.49 0.50 0.50 

200 0.35 0.60 0.68 0.70 0.75 0.80 0.84 0.87 0.90 0.94 0.96 0.98 0.98 

1/8 300 | 0.55) 0.87) 1.03) 1.06 1.12) 1.18 1.25 1.30 1.35 1.41) 1.45) 1.47 1.47 
400 0.75 1.17, 1.38) 1.44 1.50) 1.60 1.67 1.75 1.80 1.88 1.94 1.96) 1 96 

500 0.95 1.47, 1.72; 1.80 1.88 2.00 2.10 2.17 2.23) 2.34 2.40 2.43) 2.45 

0.375 600 1.15 1.80 2.10 2.18 2.30 2.40 2.53 2.60 2.67 2.80 2.85 2.90 2.94 
50 0.10 0.16 0.20 0.21 0.24 0.25 0.26 0.27 0.27) 0.29 0.30 0.30) 0 30 

100 0.20, 0.35, 0.45 0.45 0.47) 0.49 0.51 0.55 0.57, 0 60 0.62) 0.62) 0 62 

200 0.45 0.70 0.88 0.90 0.94 0.97 1.05 1.08 1.12 1.20 1.22 1.25) 1.25 

5/32 300 0.67 1.05 1.33) 1.35) 1.41) 1.50, 1.55 1.64 1 70 1.79 1.81 1.85) 1.85 
400 0.87 1.40 1.75 1.80) 1.90 2.00 2.10 2.20) 2.25) 2.35 2.40) 2.45) 2.45 

500 1.07 1.80 2.20 2.27) 2.40 2.53 2.65 2.73 2.80) 2.90 3.00) 3.05) 3.05 

600 1.40 2.20 2.65 2.77 2.90 3.07, 3.20 3.30 3.37) 3.50 3.60) 3.65) 3.70 

50 0.12 0.20 0.27, 0.27, 0.27 0.30, 0.30 0.32 0.34 0.35 0.37 0.37) 0 37 

100 0.27 0.45 0.55) 0.56 0.57 0.60 0.63 0.66 0.67 0.76 0.73 0.75) 0.75 

200 | 0.57, 0.90, 1.12) 1.15 1.17, 1.22) 1.27) 1.32) 1.40) 1.44) 1.44) 1.45) 1.45 

3/16 300 0.87, 1.35 1.69 1.72 1.77, 1.85 1.92, 1.98 2.03) 2.10) 2.15) 2.17) 2.17 
400 1.20 1.85 2.25 2.28 2.35 2.44 2.55 2.63 2.70 2.80) 2.86) 2.90) 2.92 

500 1.50 2.27, 2.80 2.85 2.95 3.08 3.20 3.30 3.37 3.50 3.55) 3.60) 3.63 

600 1.95 2.83 3.35 3.45 3.57 3.74 3.85 3.97 4.05| 4.18 4.26) 4.33) 4.40 

50 0.17 0.27 0.37| 0.38 0.40 0.41 0.43 0.45 0.47 0.48) 0 49) 0.50!) 0 50 

100 0.35 0.57 0.74 0.75 0.76 0.77 0.81 0.85 0.87) 0.90 0.95) 0.95/09 

200 0.67 1.15 1.47)' 1.50 1.52) 1.55 1.60 1.68 1.75) 1.83 1.83) 1.92) 1.95 

i 300 1.05 1.73 2.20 2.22 2.25 2.35 2.45 2.54 2.60 2.74 2.80) 2.87) 2.90 
400 1.35 2.35 2.95 2.97 3.05 3.16 3.30 3.40 3.50 3.63 3 73 3.80 3.85 

500 1.70 3.92 3.70 3.75 3.85 4.00 4.14 4.25 4.35 4.52 4.65) 4.74) 4.80 

Ss. 600 2.10 3.50 4.42 4.50 4.63 4.80 4.95 5.10 5.20 5.40) 5.55) 5.65) 5.80 


50 0.10 0.16 0.18 0.18 0.20 021 O 22| 0.22; 0.22; 0.23) O 
100 0.22 0.33 0.35 0.36 0.37 0.40 0.41 0.42 0.45 0.47 0.50 0.50] 0.50 














200 0.45 0.68 0.75 0.76 0.80 0.82 0.84 0.87 0.90) 0.95 1.00) 1.00) 1.00 

3/16 300 0.70 1.00 1.12 1.15 1.17, 1.20 1.25 1.30 1.35) 1.43 1.48) 1.50] 1.50 

400 0.93 1.33 1.50 1.53 1.55 1.60 1.67 1.75 1.80) 1.90) 1.95 2.00) 2.00 

500 1.12, 1.67, 1.87, 1.90 1.95| 2.02 2.10 2.17) 2.25) 2.35) 2.42) 2.47] 2.50 

600 1.40 2.02 2.25 2.30 2.37, 2.45 2.53 2.62 2.70 2.82) 2.90) 2.96) 3.00 

50 0.10 0.18 0.24 0.25 0.26 0.27 0.29 0.30 0.31 0.32 0 32 0.32!) 0 32 

100 0.23 0.38 0.50 0.50 0.53 0.55 0.57 0.60 0.61 0.64 0.65) 0.65) 0.65 

200 0.45 0.78 1.00 1.02) 1.05 1.10 1.15 1.17) 1.21) 1.25) 1.28) 1.30) 1.30 

“4 300 0.75, 1.17) 1.50 1.52, 1.55 1.62 1.70 1.75 1.80 1.86 1.92) 1.95) 1.95 

400 1.00 1.60 2.00 2.02) 2.07, 2.17 2.26 2 35 2.40, 2.50 2.55) 2.60) 2 60 

500 1.25, 1.97 2.50 2.53 2.60 2.72 2.83 2.92 3.00 3.10 3 20 3.24, 3.25 

6. 600 | 1.50 2.43 3.00 3.05 3.15 3.30 3.40 3.52 3.60 3.75 3.82| 3.87| 3 90 
A 100 0.05 9.08 0.08 0.08 0.09 0.09 0.10 0.10 0 011 0 0.12' 0.12 


1 
200 0.11, 9.15 0.15 0.16 0.17 0.17 0.19 0.20 0.2 

3/32 300 0.19 0.24 0.25 0.25 0.26 0.27 0.28 0.30 03 
400 0.23 0.33, 0.33 0.34) 0.35 0.36 0.38 0.40 0.43 0.45 0.48 0.49 0.50 
500 0.29 0.40 0.41 0.43 0.44 0.46 0.48 0.50 05 








8 nnn 

‘ 50 0.05; 9.08 0.10 0.10 0.11) 0.11) 0.12, 0.12; 0.13 0.15 0.15 0.15 015 

100 0.10) 0.17, 0.20 0.21 0.22 0.24 0 25 0.26 0.28 0.30 0.30 0.31 0.31 

200 0.20) 0.35; 0.40 0.42) 0.44 0.48) 0.50 0.53! 0.55 0.75 0.60 0.60| 0 60 

ly 300 0.34 0.55) 0.60 0.63) 0.68) 0 72, 0.75 0.79 0.82 0.85 06.88 0.90 0 90 

Y 400 0.45; 9.70, 0.80) 0.85 0.90| 0.94 1.00 1.05! 1.10) 1.14 1.18 1.20 1 20 

500 0.57; 0.88 1.00 1.06) 1.13) 1.20) 1.25) 1.30) 1.35 1.42 1.45 1.48 1.50 

7. 600 0.75} 1 06 1.23 1.30) 1.37) 1.45; 1.53) 1.58) 1.63) 1.69 1.74 1.78 1.80 
bearing friction for the small sizes at Friction of Cable Twisting looked. Fatigue of the cable can o 


. 
in this way and where reliability is 


the greater bend angles is caused prob 
ably by deformation of the pulley un 
der load. Although these values are 
low when compared to the total fric 


tion force the deformation can caus¢ 


The twisting of the cable has no { id | 
n ty, this could be a critical point 

apparent relation with either cabl CURES, TES COUNG DE a =| 
pulley combinations or with cabk 


bends and tensions. Friction caused by Use of Tables and Graphs 


. this is believed to be very small and The variables of any cable-p 
a critical binding of the pulley and in can. therefore. be neglected chem ant 
aircraft could be a hazard to aircraft Cable twisting, however, can causc 1) Pulley diamet 
and crew Safety other problems that should not be over ») Cable tension 
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force, Ibs 125" 200" 2.50" 3.50" 5.00" 6.90" 10.00" 
00 OD OD 0.0 0.0 0.0 0.0 
6.0 T 1 eb aN di ‘aan 
| . | 
rl ; | 
5.0 “@Coble-- 4 --- - i ie 
¥6 Cobie--++----- | Pulley Pulley ! 
5¢5 Coble--l1-- | dia in Wid. | ! 
" 1.25 | 0.026 
. > | 
40 I I , 2.10 | 0.090 : 
* .O7 
#covie—;| | : - 4 ae | 
3.0 | me Cablenn|| ' : | 5.00 | 0.500 | 
6.00 0.660 | 
i | 10.00 | 3.250 
il ! 
| | 
2.0} r i 
i | i | 
» | ; 
| | l | 
1.0 } 
| | | | I 
\| | ! ' _———- 
i! | ! 1 | : 
0 ih 1 ! Lt ae. aS | a J 
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
Pulley inside diometer,in 
Fig. 2—Curves of friction vs pulley diameter for 200 Ib cable tension and 90 deg cable b end. 
Cabl an 
1) Angle of wray Friction force, Ib 
In most instances th ible tensior 0.8 oo ~ —— 
will be dictated by the design and th th G25 dere 

imposed loads. Similarly the angle of 7 

wrap will be known from th desig os} =0.375"bore 

leaving the pulley and cable diameters , 

is the only variables. Any number ot 0.5 1 ag 

pulley-cable diameter combinations ar 04 J __ | .2/900"bore ] 

possible but size, w ht and frictio . 

f the system will determine th vf 0.3) ae T T , 
t combination 0.2} Tee lass 4 | | 
Assuming a 600 lb cable tension and 
10 deg angle of wrap the | llown 0.1 T if T 7 

ombinations are possibl 4 & ‘ Pa sd ae 
le ie ells a ver “0 100 200 300 400 500 600 
i 1 ] | Cable tension, Ib 

id 14 dia cabl 
6.00 dia pull with nd l/, 

lia cables 
10.00 dia pulley with 1 , dk able 
Based on friction for he 10.00 Friction force, Ib 

lia pulley 4, dia cable combinati + : ipistlciainentlaicanttin - ng 

should be used. The on fo b 

ng 0.75 lb vs 1 lb for ; 00 d 0.7 T t on) oe ae + 5 enema | 

pulley-lQ dia ibl How f h 

ind weight of th ymbinatior 
ist D mside ad. spa | itions 
iy make a 10.00 dia pulley pra 
r WwW ght lis i ns Y mak 
Fig. 4—Dynamic bearing fric- 
tion for 180 deg cable bend. 
Fig. 5—Dynamic friction for 
0.1900 bore, 0.6250 O.D. Cable bend, deg 


bearing at various cable ten- 
sions and cable bends. 
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Fig. 3—Difference between static and dynamic friction of pulleys 
cable bend. These values can be added to the values of Table I to 


§ Friction force, Ib 
8 





0.71 
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E POWER TRANSMISSION 


FOR CABLE BEND 180° 


100 200 300 400 500 600 
Cable tension, ibs 


for cable tensions and 
find total static friction. 


the ly, dia cable impractical CS pe il 
ly if the cable run is long 

Graphs, similar to Figs. 1 and 
an be made that will allow cable 
pulley combinations to be selected at a 
glance especially if the weights are in 
cluded. Assuming a 200 lb cable ten 


sion and a 90 deg angle of wrap, Figs 


1 and indicate a friction forc ot 
5.00 lb for a 2.00 dia pulley and a 
16 dia cable. The differen be 
cw n the pT iphs 1s the abs« issa I v 
using cable diameters and Fig 

sing pull lia eters 
The add n of th ilues found by 
sing I £ > » th values giv 
Table I will g h tal s 
ror The sta iyna I 
lift } s small compared h 
il fr 1 if lved, and thus th 
i average values will rt 
1 any appreciable erro 
The dynamic bearing friction f 
uses with cable bend and bore s 
Ss i e Ss } I os > ind 
Fig. 4 is the relation of cable tensior 
friction for for various pulley bor 
at 180 deg. Additional charts may b 
LO 1 by 1 g Figs. 5, 6 and 
1 { th ingles of wr 


Fig. 6—Dynamic friction for 
0.250 bore, 0.750 O.D. bear- 
ing at various cable tensions 
and cable bends. 


Fig. 7—Dynamie friction for 
0.375 bore, 0.8750 O.D. bear- 
ing at various cable tensions 
and cable bends, 
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Magnetic Particle Clutches 





Fig. 1—Flange and foot-mounted 
magnetic particle clutches of 100 
lb-ft torque capacity. 


Application of a magnetic flux to 
finely divided magnetic particles located 
in a gap between driving and driven 
clutch plates tends to bind the plates to 
gether. The higher the magnetizing 
force, the greater the flux density and 
the greater is the power transmitting 
ability of the clutch. Conversely, the 
lower the magnetizing current, the less 
s the binding action between input and 
output members. In short, shear force 
between the magnetic particles is almost 
directly proportional to exciting cur 
rent 

When this principle of power trans 
mission was first introduced, main uses 
visualized for the device were in con 
trol and servomechanism drives. In 
such applications, low inertia to torque 
ratios, the ability of the clutch to act 
as the final element in the control sys 
tem, rapid almost instantaneous re 
sponse to control current, and, becaus« 
of little wear, constant operating char 
acteristics throughout life made _ the 
clutch particularly attractive 


Consequently, initial use was con 


fined to relatively small devices. Sinc« 
then, however, improvements in the 
magnetic particle has advanced design 
to the point where clutches with torque 
capacities as low as 12 oz-ft and as 
high as 1,800 lb-ft have been con 
structed. They are being used for power 
transmission and braking on machin 
tools for reversing drives on grinds rs 
for position control; for tension con 
trol on wire drawing and tape wind 
ing machines; for torque control ir 
dynanometer drives; for regulating 
motor-generator sets; and for numerous 
ther power and control applications 

Principal advantages are as follows 

* Ability to slip without wear for 
long periods of time; in this respect 
they are comparable to hydraulic torque 
converters and fluid couplings. Wher 
used for constant slip service, for fre 
quent load reversals or engagements, or 
for motor protection when accelerating 
high inertia loads, performance char 
acteristics remain substantially the sam« 
throughout life 

* Ability to transmit torque witho 








Fig. 2—Four magnetic-particle 
elutch designs. (A) Stationary 
coil with a saturable magnetic 
bridge, which is advantageous 
when low inertia of the outer 
member is important. (B) Sta- 
tionary coil with a non-sat- 
8 urable magnetic bridge, which 
has a heavier outer member; 
this is a simplified drawing of 
a 10 tb-ft, flange-mounted unit. 


















































E POWER TRANSMISSION 


POWER TRANSMISSION 





for 





slippage when completely magnetized; 
in this respect they are comparable to 
friction clutches or direct drive cou 
plings. Mechanical efficiency is 100 
percent under this condition 

* Low drag torque in the nonexcited 
conditions. When a magnetic particle 
clutch is used as a disconnect coupling, 
it seldom is necessary 
brake on the driven end. 

+ Output torque can be controlled 
within limits. Heavy overloads 
simply result in slippage if the clutch 
is energized for a given torque 

* Smooth operation, simplicity of 
control, and other features previously 
mentioned in connection with 
mechanism applications 

On the other hand, clutches of this 
type are somewhat larger physically 
than friction clutches. Price varies with 
and construction, but is com- 
parable to ether electric clutch drives 


to spec ify a 


¢ lose 


servo 


$size 


Construction and Operation 


In operation, d-c current is applied 
to a coil that magnetizes the magnetic 


TORQUE CONROL 


particles in the air gap. Several differ- 
ent magnetic particle mixtures have 
been proposed in the past, among them 
being Carbonyl E iron with petroleum 
oils, silicones, and graphite. Problems 
inherent in these particular mixtures 
in clutches—such as sealing and/or 
the tendency of the iron particles to 
settle and to segregate—have been sub 
stantially eliminated by newly 
oped dry magnetic mixtures 

Two general designs of stationary 
coil clutches are available the sat 
urable and non-saturable bridge types 
In the saturable bridge design, Fig 
(A) the outer clutch member, 
made of steel, forms a magnetic short 
circuit insofar as flux through the work 
ing gap is concerned. Since the short 
circuit bridge will saturate easily, most 
of the flux will act on the magneti 
particles in the working gap 

In the non-saturable bridge type, the 
outer clutch member is much thicker 
than that of a saturable bridge clutch 
Instead of being made of ferro-mag 
neti 


devel 


being 


material, however, the center 


portion directly under the coil is made 
of non-magnetic material so that the 
working gap is not short-circuited. The 
saturable bridge design, however, is 
more advantageous when low inertia of 
the outer member is desirable 
Although stationary coil design rey 

resents a simple construction without 
mechanical complications and the main 
tenance problems normally associated 
with a brush and slip ring arrangement 
many rotating coil clutches are in opera 
These require a little 
because they have one less air 


tion less coil 
structure 
gap, so that control equipment may be 
Another advantage 


of rotating coil clutches is that they ar 


slightly less costly 
somewhat easier to cool, there being no 
stator around the outside of the rotat 
(Most clutches are air 
ooled, although water cooling has be 


ust d to obtau 


ng members 


a substantial increase in 
heat dissipating ability for certain spe 
ialized applications. ) 

If constant slippage or 
torque engagements or reversals are to 
lutches 


repeat d 


be encountered in service, the 
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Fig. 4—Performance curves 
for (Top) 10 Ib-ft flange 
mounted (Center) 45 Ib-ft 
foot-mounted (Bottom) 100 
lb-ft foot-mounted, and 
(Right) 600 lb-ft clutches. 
Rated excitation is for con- 
tinuous non-slip service. 
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may have to be selected on the basis o! 
heat dissipation instead of torque ca 
pacity. Heat dissipation ability varies, 
of course, with clutch construction and 
with operating speed At 1,800 rpm 
heat dissipation data for various sizes 


are as follows 


Torque Capacity Heat Dissipat 

10 oz-ft 35 watts 

10 Ib-ft 190 watts 

{5 lb-ft 350 watts 

100 lb-ft i150 watts 
00 Ib-ft 

600 lb-ft 2,500 watts 


In any application, the amount of 
power that must be absorbed by the 
clutch can be determined by multiply 
ing the power input by the fractional 
value of slip (speed in, minus speed 
out, divided by speed in). Conversely 
knowing the rated heat dissipation, per 
missible slip at rated torque capacity 
can be computed from power formulas 

In an application where the slip is 
not continuous, the duty cycle must be 





onsidered; most slip-service applica 
tions are in this category 

In on-off service applications par 
ticularly when accelerating high inertia 
loads, slip loss must also be taken into 
account 
Speed of operation usually is not 


limiting factor in clutch application At 





high speeds, the particles in the gay 
may be subjected to accelerations of 
several hundred g, and, in a multipl 
gap clutch, Fig. 2 (D) may be forced 


toward the outer clutch plates. Ther 


for multi plate designs are usually 
stricted to low speed, high torqu 
pplications. However, single gap d 
signs in be ope rate d it 4.000 to OU 
n ntermediate $1zes it ul 
10 rpm in a OOO lb-ft ipacity unit 
it whatever speed the ball | 
; will withst linu 10 | 


Fig. 3—How torque varies with speed. Flat 
torque speed curves indicate value of clutch 
for control use. 
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capacity and smaller. Thus, a unit of 10 
oz-ft capacity is capable of transmitting 
appreciable amounts of power. 

In general, recommended practice is 
to use a magnetic particle clutch in 
the high speed end of a transmission 
since required torque Capacity 1s less 
and the clutch is smaller. But if low 
inertia Or minimum backlash im 
portant, as in servomechanism applica- 
tions, or the clutch is to operate at 
high slip, economics may dictate use 
in the low speed end of the system 

Clutch Control 
Torque of a magnetic particle clutch 
is almost completely independent of 


rol, there rore, 1S ob- 


1S 


speed, Fig. 3. Cont 
tained by suitable control of the coil 
current or voltage. Relationships be 
tween excitation and torque output and 
coil wattage are shown in Fig. 4 for 
representative clutch models. Coils can 
be wound for almost any voltage from 
low up to several hundred 

Simple rheostat control, Fig. 5, is 
satisfactory loads 





for controlling in 


which the torque increases as a fun 


tion of speed a blower or fan applica 


tion, in which the torque varies as th 

square of the speed, is an excellent 
example 

In all cases where the coil circuit is 


opened (lower drawings) a discharge 





resistor should be prov ide d to prevent 
the inductive kick voltage fron 
puncturing the coil insulation. A r 


sistor having a non-linear current-volt 


characteristic is de 


ay 


s low current drain at normal volt 


any where the power source 
alternating current, a variable ratio 
auto-transformer (such as a Variac or 
Powerstat) may be used to supply the 
rectifier. In many cases this will give a 
wider range control more 
nomically than a rheostat in the coil 
circuit. 

For speed control applications in 
volving highly variable load torques, 
some form of feedback control system 
is necessary 

A flyball governor driven from the 
clutch output and used to operate an 
adjusting rheostat results in a simple 
feedback control, but one of limited 
accuracy. Circuits using tachometers, 
vibration pickups, or frequency sensing 
elements will provide speed control 
within a fraction of percent 
When extremely fast response or com- 
plete unloading is encountered, the use 


case iS 


ot eco 


one 


of another magnetic particle clutch, or 
a clutch used as a brake, will prevent 
overspeeding. The use of a magnetic 
particle clutch as a brake is especially 
adaptable in cases of unloading, such 
as strand breakage in reeling opera 


tions, generator switching service, and 
similar applications 
Any magnetic particle clutch can be 


used as a brake by restraining the rota 
tion of one member. The torque-excita 
tion and torque-slip speed characteris 
tics of such a brake are essentially the 


same as those of a orresponding 
clutch 

Since the restraining force of such 
brakes is independent of speed while 


if POWER TRANSMISSION 


The 


characteristics of long life, 


retarding torque when ene rgized 
inherent 
small power control, fast response, and 
large ratio of power controlled to con 


trolling power also apply 


In machine tools and vehicles, many 


engineers feel that braking applications 


may be very extensiv: 



















































































ges. However ommon fixed resistor load deceleration is proportional to th 
may be used provid d th resistal retarding torque, the velocity of the 
does not exceed § t s the coil 1 load decreases linearly with tin f 
t ( ( are ho i | div ; iS maint ‘ val : . : 
s in i S : u ’ xercised in excitation is maintained at a fixed - Fig. 6—Magnetic particle brake used 
selecting the discharge resistor so that Operatior down to zero speed on precision boring machine manu- 
the current rating of the rectifier or smooth and chatter free, and at stand factured by the Ex-Cello Corporation 
other power sour Ss m x led. Ir still, a magn particle brake provides to step the boring machine spindle. 
‘ Possible locations 
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Clutch or broke supplied from d-c line 










Fig. 5—Simple types of control cireuits. The rheostat may be manually or automatically adjusted, or not required 
at all if a variable transformer is used in the supply line. Note discharge resistors shown in the lower drawings. 











m 
Nn 








Sheet Metal Gears, Sprockets, 


When a specified motion must be transmitted at intervals rather than continuously, and the 
loads are light, these mechanisms are id2al because of their low cost and adaptability to 
mass production. Although not generally considered precision parts, ratchets and gears can 
be stamped to tolerances of +0.007 in. and if necessary, shaved to closer dimensions. Sketches 
indicate some variations used on toys, househdld appliances and automobile components. 
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Fig. 1—Pinion is a sheet metal cup, with rectangular holes 
serving as teeth. Meshing gear is sheet metal, blanked with 
specially formed teeth. Pinion can be attached to another 
sheet metal wheel by prongs, as shown, to form a gear train. 


Fig. 2—Sheet metal wheel gear meshes with a wide face 
pinion, which is either extruded or machined. Wheel is 
blanked with teeth of conventional form. 





Fig. 5—Wheel with waves on its outer rim to 
replace teeth, meshes with either one or two 
(shown) sheet metal pinions, having specially 
formed teeth, and mounted on intersecting axes. 


Fig. 6—Two bevel type gears, with specially 
formed teeth, mounted for 90 deg intersecting 
axes. Can be attached economically by staking 
to hubs. 


Fig. 7 Fig.8 
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Fig 4 





Fig. 3—Pinion mates with round 
pins in circular disk made of metal, 
plastic or wood. Pins can be attached 


by staking or threaded fasteners. 


Fig. 4—Two blanked gears, conically formed after 


blanking, make bevel gears meshing on parallel axes. 
Both have specially formed teeth. 
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Fig. 7—Blanked and formed bevel type gear mesh- 
es with solid machined or extruded pinion. Con- 
ventional form of teeth can be used on both gear 
and pinion. 


Fig. 8—Blanked, cup-shaped wheel meshes with 
solid pinion for 90 deg intersecting axes. 


Fig. 9—Backlash can be eliminated from stamped 
gears by stacking two identical gears and displac- 
ing them by one tooth. Spring then bears one 
projection on each gear taking up lost motion. 


Product Engineering — 1954 Annual Handbook 


Fig 
ha 
of 


Fi; 
is 





ig POWER TRANSMISSION 





. | Worms, and Ratchets “ar 























= 
= 
= 
= . 
=e ‘ 
— ‘ = 
—_—— - + \ \ g 
| ee | -_—+ 2 - 
= Ii ' 
—-. \ | 4 4% re s 
-Guna \\ : \ ‘ . a 
— == 5 Fig.t0 a 72” Fig.W aS — Fig.i2 > 
ey =F “ is = “a 
Fig. 10—Sheet metal cup which Fig. 11—Blanked wheel, with Fig. 12—Worm wheel is sheet metal 
has indentations that take place specially formed teeth, meshes blanked, with specially formed 
of worm wheel teeth, meshes with with a helical spring mounted on teeth. Worm is made of sheet metal 
a standard coarse thread screw. a shaft, which serves as the worm. disk, split and helically formed. 


Fig. 13—Blanked ratchets with one sided teeth stacked 
to fit a wide, sheet metal finger when single thickness 
is not adequate. Ratchet gears can be spot welded. 





ter Fig. 14—To avoid stacking, single ratchet is used with 9 
es. a U-shaped finger also made of sheet metal. : 
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Fig. 15 os 


Fig. 15—Wheel is punched disk with square punched 
holes to serve as teeth. Pawl is spring steel. 





Fig.14 
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mesh- -_! Z. ) f] a 0 tg 4 
Con- re ( ( ( () 0 ( 
| gear x 
with : Fig. 17 : 
Fig. 16—Sheet metal blanked Fig.18 : 
mped pinion, with specially formed teeth, : 
splac- meshes with windows blanked in a Fig. 17—Sprocket, like Fig. 3, cam be fabricated from separate : 
} ome sheet metal cylinder, to form a stampings. Fig. 18—For a wire chain as shown, sprocket is made by : 
Be pinion and rack assembly. bending out punched teeth on a drawn cup. : 
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Designing Gear Trains 


Formulas and charts, embodying certain 
simplifying assumptions, are given for se- 
lecting the best number of gear meshes and 
ratios of individual meshes corresponding 


to maximum load accelerations. 


EDWARD G. BURGESS, JR. 


S | 1 Instr nt ¢ 


} 


To UTILIZE AVAILABLE MOTOR TORQUE to tts greatest ad 
intag celerating a load, the ratio ot torque-to-inertia 
it the | shaft mi be a maximum. When a gear train 


the motor and load shafts, this involves selecting 





S irates il 

i un with mir f 1. Table I shows that 1a] 
ratios ar unsatisfactory rron an nertia standpoint 
Ordinarily, it is a tedious procedure to design for min 
mu n¢ i. How r 1 charts have be d 
veloped to simplify th ul nvolved. They a 
par larly applicabl he desig recision components 


h inisms 


and hydra 


Many 


nann 


ult illy 


inalogou 


Single Mesh Connection 


Th Ss simp! is § con 
, 
ples also apply to the ge 


more, the results are useful 
ill ratio between mo 

The system, shown 
VM driving a load L 


r consisting 


motor 
non 
rear G on the load shaft 


load have the respective n 
F m in S 

If the tor ipplied to 

the torqu ivailabl it the 
load shaft is given by 
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wher guiat | 
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Table I—Comparative Inertia Data for Overall Ratio of 36.0000* 


























Type Gear Train 2-Mesh 3-Mesh 4-Mesh 
Ideal Ratios From Eqs. (14) and (15) TY 3.7210 2.1497 1.8835 
re 9.6748 2.9032 2.0105 
i) tae eee ee Pepe 5.7681 2.4330 
ys emer 3.9076 
| 
Practical Ratios (Approximating Ideal Ratios) | ri 64/16 = 4.0000 32/16 = 2.000 30/16 = 1.8750 
| 144/16 = 9.0000 48/16 = 3.000 32/16 = 2.0000 
| 3 ine ga a® Be ee i 96/16 = 6.0000 48/20 = 2.4000 
(fe a ee ee eee ee ee ray 64/16 = 4.0000 
Equal Ratios r 6.0000 | 3.3019 2.4495 
re 6.0000 : 3.3019 2.4495 
rs qh tS 3.3019 2.4495 
fe Baie oe 2.4495 
Ratios Taken From Figs 3-7 ri 3.74 2.15 : 1.89 
re. | 9.75 2.90 ) 2.01 
T3 5.80 2.43 
Se sigtey 3.90 
: / 
Inertia of Ideal Train, oz in ? 28.4743 14.4310 | 12.7809 
Inertia of Equal Ratio Train, oz in? 46.6060 18.9727 14.0658 
Inertia of Practical Train, oz. in ? 28.9363 | 14.5556 | 13.9597 
* Stainless Steel Pinion and Aluminum Gear Having 2/3 thickness of Pinion. 
M l 
| 9 Eqs ) and (2) I Eq i 
/ ; . 
whe f s i i \ th s L i pair 
I lerive an expression for J, in terms of /p the gear : cm 
nd pi ma assume solid cylinders ot diamete rs In Eq l A al I I 
the respective pitch diameters. Then Eq ( 
= e In this expression, /y and I, are known; I> ts also known 
, since it is normally made as small as possible. A ordingly 
5 for a given Ty, the load acceleration will be a maximum 
= when the denominator of Eq (7) is a minimum. Letting 
F - 32 this denominator be represented by D, a minimum value 
f D can be obtained by solving the uatior 
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Fig. 1—Single Mesh Inertia Connection 





Fig. 2—Two-Mesh Inertia Connection 


Fig. 3—Relation between Successive Mesh Ratios in Minimum 
Inertia Train 











T'wo-Mesh Connection 
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Fig. 4—Motor Mesh Ratio for k = 1 
ill gears the sa thickness and material, then this pair y and substitute t iulue in D. Eq (18) assur that 
s will red to 
) 6 9 ( I ys 
| j bee [ f ‘ 
same t ‘ 
(1 - alt) _ 
n-Mesh Connection 
I be solved for r,* since &, Ip, Iy and I, ar aw a aval sistine of a motor having a rotor inertia 
, ' lL, fot w« - . 1 . F ord . : : 
igly, the optimur _overal ratio 1s given by Eq (10) train. the total reflected inertia of the system referred to the 
When the overall ratio R is known reference to Eq (12) oe shaft is 
licates that a; is a maximum when D is a minimum, as 
before. However, in the expression for D, ro can be re - il 
by it valu j 
/; 
16 ’ 
: y 
lo find the minimum value of D, solve the equation r 
ab ns . ' 
17 where /p;, 1g; and r; are the inertias and the ratio of the 


mesh counting from the motor. Sin 





kel pr, 





l a 
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Fig. 5—Motor Mesh Ratio for k = 2/9 


leration a maximum, the general 


leration, for 


Ki l uml 


maximum W 


mum when 


i? quations 


| 


omplicated 
is ilso Satishe 


partial differ 


a piven rotor torque 


i D 
hen the denominator 


1 of r,,7 r,, this 


criterion ensuring the 


~ 


d, as it is in this case 


entiations indicated In 


is set oO! equations can 


pler set by forming the combinations 


For examp!l f 1, the following equation is obtained 
/ 2keol P 0 26 
Letting ) 1, the result is a set of » 


By means of these relations it is possible to eliminate Yo, ? 

r, from any one of the Eqs (24) and so obtain an equa 
tion involving r, only. Having solved this for r,, values of 
fo, 1 r, can be determined in turn from the Eqs (27) 
Accordingly, the problem of determining the individual 
ratios in an esh train can be solved so that for a given 
motor torque the load acceleration is a maximum, the overall 
gear ratio being, at first, unspecified It must be admitted, 
| 


however, that this is a tedious process unless ” 1s small, say 


equal to four or less 


he individual 


The companion problem of determining t 
ratios for maximum load acceleration when the overall ratio 
R is given is much more tractable. The calculations can be 


simplified if it is assumed that all pinions are similar and 
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Fig. 6—Curves for Selecting Number of Gear Meshes for Minimum Inertia, k = 1 


that all gears differ only in pitch diameter, so that 


I py I; I; ly 


With these assumptions, Eqs (27) take the form 


» 2 4 


< KTn—1 29 


This set of recurrence relations can be made the basis of most 
problems connected with minimization of gear train inertia 
The general relation of Eq (29), namely 


30 
\ 2 an 
is plotted in Fig. 3 for 4 l corresponding to pinions and 


gears of the same material and thickness and for 4 2/9 


corresponding to stainless steel pinions and aluminum gears 
f > 


of 2/3 thickness of pinion 
Now, having given the overall ratio R, 


Thus, 


, can be eliminated 
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Finally, a relation is obtained between R and r, fron 
which r; can be determined. The 
and r, are given in Table II for small values of ». The 
lation between R and r, has been plotted for 4 l and 

1, 2, 3, 4 in Fig : 
in Fig. 5 


formulas connecting R 


i and for / 9 and n Lf. & 4 


Determination of Number of Meshes 
different 


To compare the inertias of gear trains containing 


numbers of meshes it is convenient to make use of the con 


ept of inertia ratio. The inertia ratio of a gear train 
defined by 
. Moment of inertia of train referred to motor sh 
R, 
Moment of inertia of motor pinion 
Referring to Eq (21) 
| Vv ly oar 
1D 
R 
] 
If the assumptions embodied in Eqs (28) are mad 
lear from Eq (21) that 


which ire 


Ss of r.. ? ’ 


The value 
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Fig. 7—Curves for Selecting Number of Gear Meshes for Minimum Inertia, k 


general relation are those minimizing D in Eq (23) When 
the overall ratio R is ——, these values of r,; are given 
by the simultaneous solution of Eqs (29) together with any 
one of Eqs (24). When R is known, the corresponding 
value of r, is found either from the curves of Figs. 4 or 5 
or by calculation from Eq (32) the remaining 


l 


Having rj, 


Table 1l—Relationship Between the Overall Ratio R 
and the Ratio of the First Mesh r,; of Gear Train* 


2/9 


ratios are found from the set of Eqs (29), 
propriate curve of Fig. 3 

The expressions for R, in terms of r, for small values of 
n are given in Table III. Values of R, ene: to a 


or from the ap- 


given r, are plotted in Fig. 6 for é and » i ee 
i; and ni Fig. 7 for 4 2/9 and the sam values 


Table I1I—Inertia Ratio in Terms of Motor Mesh Gear 
Ratio for Different Numbers of Meshes 





Number 


of Formula 


Meshes, 7 


Number 
of Inertia Ratio R ! 
Meshes, 7 
l R l r\* 
3 kr}? l 
2 R l 
2 2ri° 
7 kr; l 
} R ] 
} ir) ] 
15 kr)? l 
} R | 
S Sr)? r, *(kry4 l 
SA 
4 ] 4 





*The expressions have not been expanded in terms of r, since the forms given are convenient for the numerical com- 


putation of R in terms of r 


E20 


. Having given n, k and R, r; 


can be determined from the appropriate curve. 
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——@® Friction disks 

Steel spring 

Weor adjusting nuts 
Torque adjusting nuts 
Magnet assembly 
Pressure plate 


Armature 





Hub 
Stationory disks 
Manual release lever 


Mounting bracket 


Cover 
. 
Selecting Motor-Mounted 
M ic Brak 
J. AUDE only fails to shorten the stopping time ficient thermal capacity, the torque 
Dings Brakes. In sufhciently, but also imposes a limit can generally be adjusted downward 


on the number of stops per minute to suit the shock that the load will 
WHENEVER MAGNETIC BRAKES ARI that can be made without overheating stand during stopping. This adjustment 
USED for reducing the stopping time of the brake; too large a_ brake 





does not change the thermal load the 


lectric motors in cyclic operations such shorten the stopping time to the ex brake can absorb, except on overhaul 
is those encountered in production tent of damaging the load. The ideal ing loads 

line machinery and lifting cranes, the brake selection is one that produces a . 

restraining force acts through the an reasonable stopping time and is worked Selection by Motor Considerations 
gular distance traveled by the brake near, but not in excess of, its rated In the absence of specific data 
during the stopping period and brings thermal capacity. If a larger brake needed to select a brake on the basis 
the load to rest. Too small a brake not torque must be selected to obtain suf of thermal capacity, as explained be 
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Fig. + Fig. 2 
low, brake torque should be made to 200 percent of motor full load 


equal to the full-load torque of the 
motor to which it is attached. Refer- 
ring to Fig. 1, a 7.5 hp motor running 
at 1,165 rpm has a full-load torque of 
about 34 lb-ft. The nearest standard 
size is the 35 lb-ft brake, which is 

When the hp-speed 
Fig. 1 
a brake line, such as two horsepower 


therefore chosen 


intersection on lies just above 


at 1,750 rpm, the smaller torque brake 


may be used, here a 5 lb-ft brake 


The stopping time of a brake se 
lected in this manner is referred to 
the time taken by the motor to start 
the load, and figured from the aver 
ige accelerating torque of the motor 
This torque is the time average of 
th nstantaneous difference between 
the torqu developed at the motor 
shaft and the resistiy torque of the 
load, for the starting period only 
Thus, if a motor develops an ave rage 
torque of 10 lb-ft over and above the 


frictional torque of the load in a 
one-second starting period, then a 
constant application of 10 lb-ft brak 
ing torqu luring one second will 


bring the load to rest (neglecting the 
helping effect of friction 


) 
For polyphase squirrel-cage induc 


tion motors starting without useful 
output load, the average accelerating 


torque is gener lly in the 


E22 


100 


range of 


Therefore, with these motors, 
the stopping time of a brake selected 
on the basis of full-load torque of the 
100 to 200 percent of the 
time taken by the motor to start th 


tX yrgue 


motor 1s 


load. This is usually satisfactory for 
general-purpose work. When started 
under work load, these motors take 
proportionately longer to start, and 
if braked while under load, stop in 


I 
proportionately shorter time 


Ordinarily, a motor with high aver 
age accelerating torque is intended for 
started and 
stopped under heavy useful work load 
The resisting torque presented by the 
load is then sufficient to stop the motor 
and load quickly without a brake. It is 
customary to think of brak« 
applications on the basis of full-load 
motor torque as stopping the load in 


driving machines that are 


therefore 


the same time as taken by the motor to 
start the load 


Brake Heating vs Motor Heating 


Considering the system of selection 
used as the basis for Fig. 1, a 15 lb-ft 
brake could be applied to a motor as 
large as 10 hp operating at 3,500 rpm 
The thermal absorption 
rating of this brake is in the neighbor 
hood of 1/6 hp, although expressed as 
125 watts by some manufacturers and 


continuous 
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3456 810 
Horsepower-seconds per stop 


as 10 hp-sec per minute by others 

The 1/6 hp brake can thus be ap- 
plied to a 10 hp motor, which is built to 
dissipate 1.36 hp of loss continuously 
while at 88 percent full load efficiency 
The ratio of continuous heat dissipa 
tion capacities is therefore 
vided by 1/6 or approximately 8 to 1 
This ratio is borne out by the physical 
size of the two units, the motor having 


1.36 di 


several times more cooling surface than 
the brake. It therefore, that 
unless the motor heat per start is about 
times the brake 
percent average 


follows, 


eight heat 


(11 


pe r stop 


starting eth 


ciency ), the brake will not be matched 
to the motor in thermal capacity. And 
for the worst operating conditions 


that of rapid start-stop, there is littl 
or no running time at full load 
Fortunately for the brake, the eff 
ciency of the motor is low during the 
starting pe riod. Thus the standard mo 
tor 1S likely 
than the brake 
load, particularly if the drive is started 
and stopped under useful output load 


not to be started oftener 


is able to stop a given 


Standard motors, however, vary suffi 
ciently in their capacity to start under 
load without over heating. it is there 
fore advisable to refer to the motor 
manufacturer for a check on motor 
heating for the exact duty cycle en 
countered when: (1) The number of 
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iw al all. es sills wan Ok /0 hp-sec/minute or /25 watt brake, stopping continuously 


/ 7 hp-sec/minute or 875 watt brake, stopping one hour 
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fess 8hp-sec/minute or (OO watt brake, stopping one hour 


fod /4hp-sec/minute or 175 watt brake, stopping continuously 


gil Shp -sec/minute or 1/2 watt brake, stopping one hour 











__/6hp-sec/minute or 200 watt brake,stopping continuously 
ihp-sec/minute or 137 watt brake, stopping one hour 
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/2hp-sec/minute or 150 watt brake, stopping one hour", * 
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stopping continuously 
/4 hp-sec/minute or 1/75 watt brake, stopping one hour 


\ 
Se oe 8 NN ~Teho sec/minor BOOw broke creed ceatioueutly ‘Fig, 2-—Fiem twe ayetem 
‘ % AN 27hp-sec/min or 537 brake, stopping continuously ee ae (Wr) 
7 18 hp-sec min or 225 w broke, stopping one hour parts (1.2) and speed 
> \ N\ from which is made 
é SNS (1,750 rpm) — determine 
: yy hp-see per stop (1.1) in 
& ; the thermal-capacity meth- 
, \ od of brake selection. 
£ LAN 
9 WANS 
x NAA Fig. 3—Produet of hp-sec 
2 : per stop (from Fig. 2) and 
i stops per minate (third 
| NN constant) gives continuous 
\ brake rating in hp-second 
corn nge-ons tee ae 
O03 O04 o6 os | 2 3 4 6 8 10 14 20 27 
Fig. 3 Horsepower -seconds per stop (from Fig 2) 


starts under load exceeds four to six 
per hour, and/or (2) the starting time 
Similarly, the 
brake should be checked for thermal 
requirements when: (1) The number 
of stops exceeds four per minute, 
and/or (2) more than three seconds 
of stopping time are required 


exceeds 20 seconds 


Precautions for Overhauling Loads 


When overhauling loads are encoun 
tered and no other but motor informa- 
tion given, it is well to consider a 
brake torque equal to the maximum or 
breakdown torque of the motor, which 
NEMA standards for normal-torque 
motors list as 200 to 300 percent of 
full-load motor torque. The brake 
will then be able to hold any load the 
motor is able to raise, regardless of 
any under-motoring or over-loading 
condition and still have a safety factor 
of twice the friction drag of any gear 
ing involved. Furthermore, the larger 
the brake torque on overhauling loads, 
the shorter the time of stop, which de- 
creases the potential energy given up 
by the load in changing its height 
This results in less energy to be ab 
sorbed by the brake as heat during 
the stop. If brake torque plus friction 
drag is allowed to decrease to a value 
equal to or less than the overhauling 
torque, there is no net torque avail- 
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able for stopping the load. As the 
load descends, the brake becomes pro 
gressively hotter. Continued operation 
under these conditions may cause brake 
failure and consequent danger of load 
droppage 


Selection of Brake by Thermal 
Capacity 

When complete data regarding a 
motor brake application are available, 
selection on the basis of thermal capa 
ity is preferable to the full-load motor 
torque method. Three system con 
stants are required: (1) The inertia 
(Wr?) of the rotating parts, (2) the 
speed from which the stop is made 
and (3) the number of stops per min 
ute. The first two of these constants 
can usually be obtained from the 
manufacturer of the driven machine, 
while the third is generally a matter of 
user preference. From these values, 
the exact stopping time, the hp-sec per 
one stop as peak thermal input to the 
brake, and the hp-sec per minute as 
average thermal input to the brake, 
can be determined 

The series of curves shown in Figs 
2, 3 and 4 save calculations by show 
ing graphically the resultant brake size 
and stopping time for the usual case 
involving rotary motion only on non- 
overhauling loads. In Fig. 2, values 
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: 
for hp-sec per stop are plotted against 
inertia (Wr?) and speed (rpm) 
When the hp-sec per stop has been 
determined, this number is located on 
Fig. 3, where it is combined with the 
number of stops per minute desired to 
determine the thermal rating of the 
brake necessary for the job. The valu 
for hp-sec per stop is also used on Fig 
4 to obtain the exact stopping time of 
the load when braked from nominal 
rated motor speeds to rest, using any 
of the standard motor-mounted brakes 
intended for NEMA frame sizes 203¢ 
to 326¢ 

The curves in Fig. 2 are based on 
the following relationship, where Wr" 
is the lumped moment of inertia of r 
tating parts, including load and motor 
rotor, in lb-ft?; and N is the rpm fron 
which the motor and connected load 
are to be brought to rest 

Kinetic Energy (ft-ll 


Hp-sex stop ~ 
oo 


( \ ) 
Wr l 
1,800 


The Wr? value consists of the total 
weight of the rotating mass in pounds 
times the mean radius of gyration in 
feet, squared. This total can be calcu 
lated as the summation of several 
small Wr? values when all are rotat 
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this ts not 
practical, each separate Wr? can be 
plotted on Fig. 2 to find the hp-sec 
per stop of the part at its particular 
speed, and the summation of the sev- 
eral hp-sec-per-stops taken as the total 
energy per stop 

To illustrate the 
method of brake 
overhauling load has the following 
Inertia of driven machine 
s 0.8 lb-ft? and of motor rotor is 0.4 
lb-ft? totaling 1.2 lb-ft*; 11 stops per 
minute are to be made from speed of 
1,750 rpm. 
From Fig. 2 the hp-sec per stop is 
1. Applying this value to Fig. 3 for 
11 stops per minute, it is found that 
brake rated at 12 hp-sec per minute 
s suitable if the stopping cycle were 
ontinuously repeated Considering 
among manufacturers, 
this thermal rating might correspond 
to a brake having a 10, 15 or 25 lb-ft 
torque rating. Beginning in the upper 
ft hand corner of Fig. 4 with 1.1 
hp-sec per stop, then moving down ver- 
tically to the 1,750 rpm speed line, and 
finally horizontally to the three brake 
torques listed just above, three differ- 


ing at the same speed. It 


thermal capacity 


selection, a non 


constants 


the variation 


nt stopping times are located: 0.27 
for 25 lb-ft brake, 0.44 sec for 15 
lb-ft brake and 0.66 sec for 10 lb-ft 


rake, all of which can be termed satis 
factory for general-purpose work 

If the usual three percent slip be- 
tween no-load and full-load speed is 
neglected and the load considered as 
being stopped from 1.800 or 3,600 
rpm, Eq (1) provides a quick rule of 
thumb for these two standard a-c motor 
speeds. The key relationships resulting 
from substitutions in Eq (1) are: One 
hp-sec per lb-ft? when stopping from 

800 rpm, and four hp-sec per lb-ft? 
when stopping from 3,600 revolutions 

r minute 


Additions for Linear Motion 


When horizontal linear motion ac- 
mpanies movement of the rotating 
nass, the hp-sec per stop for linear 
notion alone is 


Kinetic energy (ft-lb 
lip se stop 
550 
0.5 Wie Ww, V? 
550 35,400 
where M is the mass of that part of 
the machine in linear motion, or more 


substituted as W,, the 
weight in pounds of that part in linear 


motion 


onveniently 


and V is the velocity of linear 
motion in feet per second 
The 


motion 


energies of rotary and linear 
then added Hp-sec per 
stop for rotary motion from Fig. 2 and 
per stop for linear motion from 


np-s¢ 
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are 


Eq (1). 


The total hp-sec per stop 
is then plotted on Fig. 3 to find the 
brake thermal capacity required, and 
on Fig. 4 to find the stopping time. 
The distance traveled by that part of 
the machine in linear motion is: 


S=4Vt 2 


traveled, in feet 
and ¢ is time of stop, in seconds, from 
Fig. 4 

Continuing the sample calculation 
used above wherein the total Wr? of 
the rotating parts is 1.2 lb-ft? and the 
speed from which the stop is to be 
made is 1,750 rpm, there are the fol- 
additional data: 


where S is distance 


lowing Stops per 
minute required by user, zine; weight 
of load in linear motion, 1,000 Ib: and 


speed of linear-motion load, 5 ft per 
second 
The hp-sec per stop for rotary mo 
tion from Fig. 2 is 1.1 hp-sec and from 
Eq (1) for linear motion is 
1,000 (5)- 


0.7 hp-se« 


35,400 


The total hp-sec per stop thus becomes 
1.8 hp seconds. 

Combining nine stops per minute 
and 1.8 hp-sec per stop on Fig. 3, the 
brake thermal capacity required for 
continuous stopping duty is 16 hp-se« 
per minute, or 200 This brak« 
is available in a torque rating of 50 
lb-ft which has a stopping time at 1.8 
hp-sec per stop, Fig. 4, of 0.22 second 
The distance traveled by the 1,000 Ib 
weight during the stop, Eq (2), is 


watts 


» 4 xX od 


0.22 0.55 ft 


Overhauling Loads 

For loads that, having been brought 
to rest, still invite motion of the motor 
drive in the same direction as is true of 
a loaded crane hook being power low 
ered, the motor-brake becomes pri 
marily a holding brake. On large in 
stallations, a separate brake is often 
installed for stopping purposes. On 
the small where the 
functions of stopping and holding arc 
combined, the brake must absorb on 
descent not only the kinetic energy of 
the rotary and linear motion, but also 
the potential energy given up by the 
weight on the hook, due to its chang« 
of height. This potential energy is 
equal to W, pounds of weight on the 
hook which has traveled § feet down 
ward during the stop, making W,S 
lb-ft of potential energy to be absorbed 
by the brake as additional heat during 
the stopping period 

The total hp-sec per stop of a de 
scending overhauling load, compared 
to that of the same load not overhaul 


jobs, however, 
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ing, is therefore a ratio larger than 
unity and can be shown as 


7: 

Ty Te 3 
where T, is the brake torque and 
T, is the overhauling torque, referred 
to motor shaft. This is a case where 
the overhauling torque is fixed by the 
application. The larger the brake 
torque, the less energy the brake must 
absorb per stop, the minimum being 
the kinetic (rotary and linear motion) 
energy of the system. Expressed in 
terms of system constants 


overhauling torque at drum 
gear ratio 


or 


9.55W, | 
\ 


where W, is the weight in lb of the 
overhauling portion of the load, V is 
the linear speed of descent in ft per 
second and N is the rpm of the motor 

When overhauling loads are en 
countered, the first step is to calculate 
the overhauling torque of the load, 
referred to the motor shaft. The brake 
torque must of necessity be larger than 
this overhauling torque in order to stop 
or hold the load. A value of 150 per- 
cent or larger is general practice 

Picking up once again the sample 
calculation above, an overhauling load 
has the following constants: Wr? of 
motor rotor and gear box, 1.2 lb-ft; 
motor speed, 1,750 rpm; type of stop- 
ping duty, intermittent; rated load on 
hook, 1,000 Ib; and lowering speed, 
5 ft per second 


From Eq (4), the overhauling 
torque is 
' 9.55 1000 & 5 
/ — 
1,750 
27.3 lb-ft 


Referring to the 50 lb-ft brake s« 
lected above, the total kinetic energy 
stop of 1.8 hp-sec remains un 
regardless of the brake 
torque selected. Total hp sec per stop 
for overhauling during 
however 


per 
changed, 


de scent 1S, 


) } hp-sec / stop 
3 


The stopping time for the 50 lb-ft 
brake from Fig. 4 is 0.48 sec and the 
drift downward of load during stop, 


trom Eq (3) 1s 
Sin be 


0.48 1.2 it 


Since the thermal rating of this 50 
lb-ft brake is 16 hp-sec per min, con 
tinuous, or 24 hp-sec per min, intermit 
tent (one hour), the allowable rate of 
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stops per minute is 24/4 or six, which 
is usually sufficient. In this instance, 
the motor is 10 hp at 1,750 rpm with 
a full load torque of 30 lb-ft. The 
brake, therefore, has 167 percent of 
full-load motor torque. 

Although not critical, if it is neces- 
sary to figure the action of the brake 
stopping an ascending load, Eq (3) is 
replaced by 

Ts 
T™+T. 
for overhauling and the overhauling 
torque assists the brake in stopping 
Total brake hp-sec per stop for over- 
hauling during ascending, is 


50 
LS - 1.16 hp-sec 
50 + 27.3 


The stopping time, for the 50 lb-ft 
brake from Fig. 4 is 0.14 sec and the 
drift upward of load during stop from 
I q (4) 1s 


Ss 4x5 x 0.14 0.35 ft 


For an additional refinement, the 
friction of the gear-box can be taken 
into account. J, as calculated above 
must then be multiplied by the decimal 
efficiency of the gear-box, which is ap- 
proximately 0.9 for the ordinary case. 
For the example given above, the 
change is negligible 

Effects of Excessive Peak Input 

It is possible to conceive of a high- 
inertia load having a hp-sec per stop 
value of say 40, which is to be stopped 


once every four minutes. Although the 
average input to the brake is 10 hp-sec 


Horsepower — seconds per stop 
i 4 
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per minute, a brake applied on the 
basis of this average valve deteriorates 
rapidly. The friction disks become 
heated to a higher-than-normal tem- 
perature during the prolonged stop, 
causing standard organic binders to 
bake out. This results in high disk 
wear and galling of the plates the disks 
rub against. For good brake life, the 
peak input should not exceed approxi 
mately 1.5 times the continuous brake 
rating. This also means that the rate 
of stops per minute in an application 
where the cycle time is erratic should 
not be more than 1.5 times the average 
number of stops required per minute 
otherwise the brake must be figured on 
ap l- load basis 

‘1’ ¢ equation upon which Fig. 4 


IS | ised 1S 


10,500 X hp-sec per stop (brake 
V7 


where ¢ is time of stop in seconds, N 
is the rpm from which stop is made 
and T is brake torque in pound-feet 
This relationship can be used for on 
the-job checking of the loading of a 
brake. The stopping time of brakes 
that are approaching the overloaded 
condition per stop can be clocked with 
a stop watch, as can the number of 
stops per minute. Then 


tN 7 


hp-sec /sto] 6 
10.500 


which should not be more than 1.5 
times the brake continuous rating 
Also for good brake life, Eq (6) times 
maximum rate of stops per minute be 
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Stopping time , sec 
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comes the maximum hp-sec per min 
ute which should not exceed 1.5 times 
the brake continuous rating 


Speed of Response 

Rapid release and quick setting are 
ordinarily desirable features in a 
motor-mounted brake. The former al 
lows the motor to start without restric 
tion and the latter is important in con- 
trolling the drift of the load during 
the stop. Any delay between removal 
of brake power and actual setting of 
the brake allows the load to rotate at 
practically full speed, while during 
braking, the average speed is half the 
full speed. Therefore, if the delay in 
setting is as much as one half the 
actual braking time, the total time of 
stop is only 1.5 times normal, but the 
drift of the load is twice normal 
The a-¢ direct-acting brake responds 
more rapidly compared to the solenoid 
types, because the magnet stroke is 
seldom more than 0.05 in. and there 
are no mechanical linkages 

A relatively long-fixed delay time is 
sometimes desirable in a holding brake 
to allow a second (stopping) brake to 
reduce the system speed to nearly zero 
before the holding brake is applied 
The d-c brake, although normally de 
signed for quick response and inte nded 
for use with d-c motors, is easily 
adapted to long delay time through 
magnetic and electrical circuit design 
The d-c unit will operate as a shunt 
brake from any suitable d-c supply, 
such as a small rectifier, in the event 
there is an a-c power supply 


Fig. 4 — Horsepower-sec- 
| onds per stop (1.1) from 
| Fig. 2 and speed from 

which stop is made (1,750 
| rpm) determine stopping 
| time for any standard 
brake torque—0.27, 0.44 
| and 0.66 see for 25, 15 and 
| 10 Ibft brakes, respec- 
tively; see dashed lines. 
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Modified Geneva Drives and 


These sketches were selected as practical examples of uncommon but often useful mechanisms. Most 
of them serve to add a varying velocity component to the conventional Geneva motion. The data 








Fig. 1—(Below) In the conventional external 
Geneva drive, a constant-velocity input produces 
an output consisting of a varying velocity period 
plus a dwell. In this modified Geneva, the motion 
period has a constant-velocity interval which can 
be varied within limits. When spring-loaded driving 
roller a enters the fixed cam 6, the output-shaft 
velocity is zero. As the roller travels along the cam 
path, the output velocity rises to some constant 
value, which is less than the maximum output of 
an unmodified Geneva with the same number of 
slots; the duration of constant-velocity output is 
arbitrary within limits. When the roller leaves the 
cam, the output velocity is zero; then the output 
shaft dwells until the roller re-enters the cam. The 
spring produces a variable radial distance of the 
driving roller from the input shaft which accounts 
for the described motions. The locus of the roller’s 
path during the constant-velocity output is based 
on the velocity-ratio desired. 





Oufput 

















Fig. 2— (Above) This design incorporates a planet 
gear in the drive mechanism. The motion period of 
the output shaft is decreased and the maximum 
angular velocity is increased over that of an un- 
modified Geneva with the same number of slots. 
Crank wheel a drives the unit composed of plant 
gear 6 and driving roller c. The axis of the driving 
roller coincides with a point on the pitch circle of 
the planet gear; since the planet gear rolls around 
the fixed sun gear d, the axis of roller c describes 
a cardioid e. To prevent the roller from interfering 
with the locking disk f, the clearance are g must be 
larger than required for unmodified Genevas. 
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Sazonian Carton Machine Co., Dresden, Germany 


Fig. 3—A motion curve similar to that of Fig. 2 
ean be derived by driving a Geneva wheel by 
means of a two-crank linkage. Input crank a drives 
erank 6b through link c. The variable angular 
velocity of driving roller d, mounted on b, depends 
on the center distance L, and on the radii M and N 
of the crank arms. This velocity is about equivalent 
to what would be produced if the input shaft were 











driven by elliptical gears. ‘ae 
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Special Mechanisms “eartoe 


were based in part on material and figures in AWF and VDMA Getriebeblaetter, published 
by Ausschuss fuer Getriebe beim Ausschuss fuer wirtschaftiche Fertigung, Leipzig, Germany. 








Output Fig. 4—(Left) The duration of the dwell periods is 
changed by arranging the driving rollers unsym- 
metrically around the input shaft. This does not 
affect the duration of the motion periods. If un- 
equal motion periods are desired as well as unequal 
dwell periods, then the roller crank-arms must be 
unequal in length and the star must be suitably 
modified; such a mechanism is called an “irregu- 
lar Geneva drive.” 











Fig. 5—( Below) In this intermittent drive, the two 
rollers drive the output shaft as well as lock it dur- 
ing dwell periods. For each revolution of the input 
shaft the output shaft has two motion periods. 
The output displacement ¢ is determined by the 
number of teeth; the driving angle, ¥, may be 
chosen within limits. Gear a is driven intermittently 
by two driving rollers mounted on input wheel 6b, 
which is bearing-mounted on frame c. During the 
dwell period the rollers circle around the top of a 
tooth. During the motion period, a roller’s path 
d relative to the driven gear is a straight line in- 
clined towards the output shaft. The tooth profile 
is a curve parallel to path d. The top land of a 
tooth becomes the arc of a circle of radius R, the 
are approximating part of the path of a roller. 








tig. 6—This uni-directional drive was developed by 
the author and to his knowledge is novel. The out- 
put shaft rotates in the same direction at all times, 
without regard to the direction of the rotation of 
the input shaft; angular velocity of the output 
shaft is directly proportional to the angular ve- 
locity of the input shaft. Input shaft a carries 
spur gear c, which has approximately twice the 
face width of spur gears f and d mounted on out- 
put shaft 6. Spur gear c meshes with idler ¢ and 
with spur gear d. Idler e meshes with spur gears 
ec and f, The output shaft 6 carries two free-wheel 
disks g and h, which are oriented uni-directionally. 

When the input shaft rotates clockwise (bold 
arrow), spur gear d rotates counter-clockwise and 
idles around free-wheel disk h. At the same time 
idler e, which is also rotating counter-clockwise, 
causes spur gear f to turn clockwise and engage the 
rollers on free-wheel disk g; thus, shaft b is made 
to rotate clockwise. On the other hand, if the in- 
put shaft turns counter-clockwise (dotted arrow), 
then spur gear f will idle while spur gear d en- 
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( _) gages free-wheel disk h, again causing shaft b to 
VL rotate clockwise. 
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General Motors Corporation But where a large number of abra eatecauad 3, ; Pr 
sive particles are densely distributed ; 


Ernbedoced particle 


IF ONE CAREFULLY EXAMINES th 
over a bearing surface, journal wear | 


ournal bearings from a machine, such tI if-] I 1 Fig. 1—Schematic cross-section of a jour- 
‘ nay no ©. iimiting nstead the - > P ° 
as an internal-combustion engine that : eo: : i nal bearing. Solid particle of foreign ma- 
: journal surface may be worn away ee : : : 
has been in service for a considerab]l } r oie terial is dragged by journal rotation into 
time. he will invariably find small par venly om that the overall clearance be converging clearance. Foreign particles 
ticles of foreign mat | embedd ] n tween bearing and journal is increased larger than minimum oil film thickness 
icl¢ ( OrTreign Matec¢@rial ¢ wedded in is “ . 
This increased clearance causes a 1 are embedded by the journal into the 
the bearing surraces ’ . . | 
: : duction in the thickness A» of th relatively soft bearing metal. 
These foreign materials come from |. 4 
1 be d load-supporting oil film and permit 
evcera ure iT Nn re ¢ { ps . : : 
me e : a. oo the journal to bear down on the em 
ticles that were inducted into the ma “eek ar 
bedded particles harder that 
chine during its normal operation 
) tl i hal Journal wear under such circumstances 
particies Of core sand that were snake! } ] 
omg - s not self-limiting but proceeds until trolled by filtration, while the latter 
oose [trom the castings of which th . ' 
, : 5° r 1 the bearing fails can be controlled by making a judi 
chine is mé ’¢ metallic particle : ' 
ee = ose 4] en [he severity of journal wear result cious selection from the several mat 
that v e wo aw: from rubbing ' , 
- wo WH = 6 a ; u o ng from abrasive particles depends rials available for bearing servic Th 
surfaces latever their origin, the : ’ . 
, ticl 1] , at . Iipon ™! composition and geomett other factors bearing geometry and 
l \< tu \ T¢ I { if V 1 ' 
r= ae , = he bearing, the hardness and siz journal composition and hardness 
into the oil sump and then were car of the embedded particles ad th renerally are determined by consid 
ried along wit the nil ¢ it was + s o . 
“ ith a : omposition and hardness of tl f rations other than dirt tolerance. Par 
umped through the lubrication s , | 
a; , T , ee ee, ; nal ticle hardness is essentially uncontrol 
fin vy ft nart , } : 
until finally the particles reach While all these factors as ter labl being dependent upon the 
the bearings } ' ‘ “ . 1 
WwW] “ related, only two of thet in be rea nvironment in which the machine 
nat ppens net Solid [for 4 "pat 
ceo tage . a a ly controlled by the mach { OT ites. Conse ntly, this discuss 
if I [ S a journa I [ 0 5 they - a ' ati } - = eer ris - th th factors 
i Fig Th i f it Tl) f 
; ; Os } ( o! Ss 
I gh the ¢ S ly hole is ca 
3 th oO i rr reir 
| Effect of Particle Size 
, 41iCC O articie SIZ 
th t il ' 
i nick! will pass Sit n ax yf 5 ] 
he b | sticlee th . = | 
ff If th , F lL, ” ; 
h ' « , f n. th 5 W’] i-base | 
1 | \ () t t kh I 
’ I f hvd } . l-film thick ss 
! nary Xx] ] } if 5 OO4 1n I l 
WI han t n l hick re lul t : 
lar h loa 1-su yrting ] } ct ill N 
ffect on bearir 2 | ! - 
: bility insof For pa S 
: uurnal w f ot ied. This 8 mucrons, 1 f 
_ sumption has b natives } sulted from th 
b itally solid particles 1 | Th 
g S Chis as ption is For particles larger than tl rticle (25.4 
wh bearing ntains only few mum oil-film thickness / however n.) corresponds I 
idea abras ne par the harmful effect of solid particles film thickness 
brad rcumferential tracks n the oil increases almost directly as Corresponding dat 
round th ournal until the tracks the normal size of the solid particles journal wear as a function of abras 
beco so d betwee Using the rate of bearing tempera- particle size are shown in Fig. 3. As 
the journal and the particles in th ture rise as a measure of the rate of before, damage increases almost d 
tracks no longer occurs. In such as bearing failure, the severity of abra ly with increase in particle size 
an 2 
event, there may be 1 hange in th sive action in bearings is indicated by These experimental results demor 
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rticles | 
>kness 
o the | Fig. 2—Thermal behavior of babbitt bearings as a function Fig. 3—Journal wear of babbitt bearings as a function of 
of abrasive particle size of crystalline alumina in lubricating abrasive particle size. Damage increases directly with par 
oil. Concentration of particles was one gram per gallon. ticle size indicating filtering is necessary in some cases 
strate that to protect bearings from and still filter out of the oil all par of the abilit f a bearing n 
harmful abrasive particles, all parti ticles larger than the minimum oil yield locally in such a mant 
cles larger than the minimum oil-film film thickness Amin of a heavily loaded solid foreign particles may b 
th ckne SS Pe which in this instance bearing requires an area ot filt f be ided nto it while contormat 
was about 0.0002 to 0.0003 in. must surface much larger than the aver 1 measur h bility of a | g 
be filtered out of the oil. Such filtra- engineer is willing to i i 1 locally in such A 
tion is readily accomplished if one is full-flow cartridge-ty; er that the b g surf ly ad 
willing to pay the price ventional design and size, the limit itself to perrections in journal 
With filters of conventional des gn of “fineness” of filtration for a new etry, edge load ind the like. ‘ 
the maxim size of solid particles filter is about 0.0010 in. This valu f 
will be passed by the filter can s about five times that of the mit to chemical attack 
be reduced lesired simply um oil-film thickness he bearings I I nat not 
Su f lens he filter ised the journal w tests. WI propert my 
TI ‘ | wr ul rf this 1aqas 1 to 1S th Tliitra t s Tl > ’ ] 
how f horny or gil S S I st gtl 
S i f the So k s th pra | tig 
i I w 1 f | 1esig } n [ | | 
f ' hing } 
h St is leal d f filtrat S y ! 
i ust h ! | 


wh | , 1 } 
| lk S k ls: oth Is 
wis ness” of them. W tw 
Alte a a , . Tl} . 
i sonabl lues bot] fe | 
Bearing Materials "In the s 
From a techn | viewpoint. the Score resist 5 r wee } 7 . 
nost important properties of a bear ibility of a bearing material to resist sa bear it 
ing material if scor resistance: seizure or WwW Id ng t th rma ts stead ] 
compressive strength and _ fatigue Compressive strength is a measut 1s CODD 1 7] - 
strength; embedability and conform resistance to plastic deformatior r rease tl ra strength 
ability; and corrosion resistance vielding under _ stati load whil babbitt by drastically reducing 
While no definition of these prop- fatigue strength is a measure of resist ness. The effect of these char 
erties are universally accepted, their ance to fracture or yielding under r the ability of the bearings 
meaning is clear to most engineers. peated loads. Embedability isa measure dirty oils was soon apparent 
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Babbitt Thickness, in. x 1,000 


Fig. 4—Thermal behavior of babbit-faced copper bearings 
as a function of facing thickness as tested with dirty oil. 


Effect of Babbitt Thickness 


[he rate of bearing temperature ris« 
is a function of babbitt thickness for 
1 series of in. dia by 2% in. long 
babbitt-faced copper bearings, which 
were tested with an oil containing a 
hxed concentration of 28-mucron crys 
tal-line alumina, is shown in Fig. 4 
The corresponding data for rate of 
yuurnal wear are shown in Fig. 5. Th 
severity of abrasive action is reduced as 


the thickness of the babbitt is increased, 
until finally a babbitt thi 


ached beyond which 


kness is 
no further re 
duction in temperature rise is obtained 

Under the 
Fig. 4 
trom increasing bebbitt thickness above 
about 0.0013 in 


conditions pertaining to 
no further benefit was obtained 


This thickness is ap 
roximately equal to the size of the 
particles used in the tests 
rvation indicates that to mini 
ze the effects of abrasives, the babbitt 


Drasive 


This obs« 


thickness should be at least as large as 

maximum size of the solid particles 
it may pass through the filter. Babbitt 
thicknesses greater than this value yield 


the 


th 


additional benefit insofar as abra 


fable I1—Thermal Behavior of Bab- 
bitted Copper Bearings and Babbitted 


Aluminum Bearings 





Rate of Bearing Temperature Rise 


Babbitt deg F per min 
Thickness 
in 
Copper Aluminum 
uv 3300 280 
0.0064 So 51 
6.0608 40 41 
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sives are concerned and, indeed, cause 
a rapid reduction in fatigue strength 
To obtain the optimum 
strength, the babbit should be 


with 


fatigue 
as thin 
embeda 


S possible, consistent 


bility requirements 
When the babbitt is 


thinner than the 


abrasive 


substantially 
maximum the 
oil, the 


the underlying material 


size ol 


particles in the char 


ict sities of 
influence on the embed 
performance of the bearing 
This influence is indicated in Table I, 


which 


exert a large 


ability 
gives a comparison or test re 
sults for babbitted copper bearings and 


Bobbitt Thickness, in.« 1,000 


Fig. 5—Journal wear of babbit-faced copper bearings as a 
function of babbitt facing thickness as tested with dirty oil. 


babbitted aluminum bearings, both hav 


ing been run under substantially the 


same conditions of abrasive and 
concentration. Halving the 


thickness of the babbitted copper bear 


SIZC 
babbitt 


ing in the given range caused an in 
crease of 110 percent in the rate of 
bearing temperature rise, while halving 
the babbitt thickness of the babbitted 
aluminum bearing caused an increas¢ 
of only 25 percent 

The difference 
behavior of the two types of bearings 


thermal 


between the 
became increasingly pronounced as the 
babbitt thickness was further reduced, 
approaching the embedability perform 
ance of the underlying copper or alum 


inum as a limit 


Effect of Copper-Lead Composition 


The 


better than babbitt for fatigue strength 


copper-lead materials are much 
but not so good for score resistanc 
or embedability. Copper and lead are 
virtually insoluble in each other in the 
solid State 

The material is usually prepared by 


cot 


molten mixture of PI 
and lead on hot steel strip. The cop 


casting a 


per solidifies first in the form of needl 

like crystals. which stand perpendicular 
to the steel strip and are bonded to it 
The melted lead flows into the 
between these copper needles and then 


spa es 


solidifies. If a piece of the copper-lead 


faced strip 1S bent back on itself far 


enough to crack the cast layer, th 
needle-like structure of the copper con 
stituent can be readily observed 

The maximum quantity of lead that 


Product 


can be incorporated into a cast copper 
Where 
a larger quantity of lead is desired, the 
material can be prepared by compacting 
copper and lead powders and then 
sintering them together at elevated 
temperature 


lead bearing is about 45 percent 


Careful tests on copper-lc ad bearings 
lead 


content re 


amounts ol 
lead 


and 


containing 
that 


varying 
show increasing 

strength 
The 


bearing to 


duces fatigue increases 
ability of 
tolerate oils 


the lead 


for compositions in the range normally 


embedability 
lead 


varies directly as 


a copp¢ r 
dirty 
pe recent of 

howe ver, 


used. More important, 


des 
pite differences in composition, the 
effect of dirty oils with copper-lead 
bearings is always about ten times as 


severe as with babbitt 
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Effect of Gridding 


When bearing loads exceed the 
fatigue strength of copper-lead, it be- 
comes necessary to hard homo- 
geneous materials such as pure silver 
Pure silver possesses exceptionally good 
fatigue durability but exceptionally 
poor embedability. The embedability of 
such materials may be substantially im- 
proved, without ady ersely affecting 
their fatigue strength, by means of a 
technique known as gridding. 

The construction of a typical gridded 
bearing is shown in Fig. 6. The silver 
layer, which is bonded to a steel back, 
has a large number of small indenta 
tions formed by a knurling tool. These 
indentations are filled with babbitt 
The bearing is then bored to obtain a 


use 


smooth surface consisting of a large 
number of babbitt areas surrounded by 
an interconnected grid or network of 
silver. The babbitt areas confer good 
embedability to the bearing, while the 


Embedability Rating 


Results of a large number of em- 
bedability tests on various bearing ma 
terials are summarized in Table II, all 
tests being carried out under substan 
tially the same test conditions 
The relative embedability perform 


1 


ance as given in Table II is based on 


the rate of temperature rise suffered by 
the bearing when it is run on abrasive 
Lead-base 


containing oil babbitt, ap 


proximately 0.002 in. thick, is arbi- 
trarily assigned a rating of 100; all 
other ratings are relative to this value 


or >» copper-lead 


Thus, a for PI 

(70 Cu, 30 Pb) indicates that this ma 
terial has 5 percent as much tolerance 
for dirty oil as lead base babbitt 


Tabl 


rating 


II it 


From the data piven in 


Babbitt filled, incterrtatioris 
/ Ma 
i ZAi\ 





/ 
Silver layer 





supporting silver grid provides the 
necessary fatigue strength and load 
carrying ability 

The embedability of a gridded bear 
ing is influenced largely by the size 
and spacing of the babbitt areas. Coarse 
grids have better embedability than fin 
grids but tend to lose their babbitt fill 
ing more rapidly in service. The range 
of grid spacing is varied in practice 
from that produced by a 10-pitch knur! 
to that produced by a 62%-pitch knurl, 
while the depth of the pockets and the 
ratio of babbitt area to silver area is 
controlled by the depth of the final 
boring out. In any event, the arrange 
ment of the grids should be such that 
all paths in the direction of journal 
rotation wipe babbitt pockets 
Harmful abrasives particles will then 


across 


become embedded in the babbitt and 
be prevented from making long 


scratches over the bearing surfa 


of Bearing Materials 


that the relative embed 


ability of a bearing material is inversely 


1S apparent 


proportional to its hardness. The soft 
materials such as babbitt rate high 


These materials deform plastically to 
absorb abrasive particles and thus mini 
mize the amount of journal cutting. At 
the time, the 
the material also plays an important 


resistance oO! 


same score 
part of conditioning embedability per 
materials 


different 


formance. In comparing two 
t 


hardness but of 


of the same 
score resistance, the material with the 
better score resistance will also hav 


the better embedability 
Perhaps the most important point 
Table II 


babbitt 


evident from is the 


fect of thin 


great el 


facings 


on em 


Gridded bearing 


Fig. 6—Construction of a gridded silver bearing. Silver layer is bonded to a 
steel backing. Indentations in face of silver layer are filled with babbitt. 
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bedability performance. This effect can 
be seen by comparing the performance 
of identical materials both with and 
without babbitt facings; for example, 
copper-lead-tin, and aluminum. Here 
again it is observed that while the soft 
ness of the babbitt facing, acting plas 
tically to reduce the contact pressure be 
tween the embedded particle and the 
journal, is undoubtedly the important 
factor, the score resistance conferred by 
the babbitt facing is also important. It 
would be difficult otherwise to account 
for the large improvement effected by a 








fable I1—Summary of Embedability 
Test Results 
Relative 
Bearing Composition Embed- 
ability 
Lead-base babbitt (0.002 in. thick) 100 
Lead-base babbitt (0.032 in. thick) 124 
Tin-base babbitt (0.005 in. thick) 145 
Silver (oxygen-free) 04 
Copper (oxygen-free) 04 
Gridded copper (48-pitch, filled) 32 
Gridded copper (48-pitch, unfilled) 04 
Copper + 6.0018 in. babbitt 100 
Copper + 0.0013 in. babbitt 100 
Copper + 6.0008 in. babbitt 50 
Copper + 0.0005 in. babbitt 32 
Copper + 6.0003 in. babbitt 17 
Copper-lead (60 Cu, 40 Pb) 7.5 
Copper-lead (65 Cu, 35 Pb) 5.5 
Copper-lead (70 Cua, 30 Pb) 5.0 
Copper-lead-tin (75 Cu, 24.5 Pb, 0.25 Sn 4.0 
Copper-lead-tin + 6.001 in. babbitt 69 
Aluminum alley (95 Al, 4 Si, 1 Cd) 10 
Aluminum alloy + 6.0008 in. babbitt 68 
Aluminum alloy+ 6.0004 in. babbitt 55 
babbitt facing of only 0.0003 in. on 


Opper with abrasive particles mecas 


ng over 0.001 in. and a minimum o 
film thickness of apy roximately 0.00¢ 
to 0.0003 inch 

For babbitt facings on materials 


Table II, th 


substantially independent of the und 


listed in rating will be 
lying material so long as the babbitt 
thicker than the maximum parti le size 
For thinner babbitt facings, the influ 
ence of the underlying material on the 
relative embedability must b 
taken into account 


With regard to babbitt 


ments have consistently failed to show 


rating 
the exper 


any significant difference between th 
embedability characteristics of the vari 


ous alloys | ead hase babbits consist 


ently give a rating of about 100. Th 
rating does not appear to be 


ably affected by the 


mecasutl 
presence of minor 
onstituents such as copper, aatimony 
nickel like. Tin-bas« 
rate but 


embedability rating at the upper 


and the babbitts 


somewhat higher differences 


end of the scale do not appear to D 
significant in serv Differences in 
embedability rating at the lower end 


of the scale, however, are 


important 
ry} atl 
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Developments to Watch 


GENERAL The trend toward 
higher speeds is gaining momentum 
More and more types of machines are 
being designed for continuous drive 
intermittent. This means 


and stopping as few 


instead of 
Starting moving 
components as possible while the driv- 
ing motor runs continuously. Not only 
are production rates increased by reduc 
ng speed-up and slow-down periods, 
but also smaller, higher speed motors 
an often be used because inertia loads 
are lower. This has stepped up interest 
n combined clutch-brake and 
fluid transmissions. Extensive develop 
work has been in 


units 
ment progress on 
fluid couplings and torque converters 
specifically for industrial use. Several 
sizes and types are now available. The 
next year should see both speed and 
load ranges increased 

Also apparent are the trend toward 
and automati 
hines and variable 


emot control of ma 
One 
ompany has recently marketed a pack 


aged unit that has an integrally mount 


spec d drive S 


d motor and a 


speed reducer. It offers an infinite num 


variable speed drive 


ol positive, stepless speed adjust 
ment with manual, electric, pneumati 
It is available in 
vertical or horizontal 

with or without extra reduction gears 


or hydraulic controls 


ight types 


BRAKES AND CLUTCHES. 

One promising development in the 
field is the new aircraft type disk 
brakes that are 


| l 
DOrake 


currently being made 
ivailable for industrial applications by 
The Goodyear Tire and Rubber Co. A 
big feature is their versatility: they can 
be operated hydraulically, mechanically 
pneumatically, or can be 
Their capacity is 


heat dissipation is accelerated by 


spring set, 
sole noid released 
high 
aun exposed-disk design. For applica 
requiring cooling, a 
ane type rotating disk can be used to 
icrease the capacity by 


rions maximum 


several times 


f 
Torque capacity is variable 


adjusting 
s automatic and lining replacement is 
simple. It is available in 
floating disk and fixed housing 
lisk and floating housing 

disk 


naers 


thre types 
fix¢ d 
fixed 

cyl 


and 
housing with opp: 


and pI 


sed 


Motor-mounted magnetic brakes ar 


oving very practical for reducing th 


topping time of electric motors in 
1 
vclic operations such as those encoun 


production-lin quipment 


reason [for increasing usag 
A Swiss design 


the U. S. com 


compactness 


brake 


started, a 


bines motor and into 
When 
tapered rotor unbalances the magnetic 
field, moving the rotor about 3/64 in 
The motor then 
runs as a conventional squirrel cage 


When the 


horizontal force 


magne tic 


one unit motor 1S 


to magnetic center 
induction motor 
off, the 
pears, a spring pulls the rotor out of 


power IS 
shut disap 
magnetic center and, at the same time, 
actuates the braking mechanism 

The demand for higher production 
rates is also stimulating the use of com 
bination electric clutch-brake units. Big 
advantage is that less axial space is re 
quired than for separate clutch and 
brake 


a doughnut-shaped magnet, which con 


Current designs are essentially 


tains an energizing coil and a disk type 
As a brake, the 


is fastenc d to 


segmented armature 
magnet element 
tionary member or frame and the 
ture As a clutch, both the 
net and armature rotate with the 
or pulleys to which they are attach: d 

Another boom to compact designs is 
a line of all-metal friction material that 


rotates 


hubs 


is applicable to both clutches and trans 


Friction surfaces can be as 


0.020 in 


missions 


thin as without sacrificing 
performance or capacity. In gen ral 
run 


higher unit pressures and are more im 


these surfaces cooler, withstand 
pervious to oil and grease than non 


metallic materials 


Other new friction materials includ 
that has been field tested for au 
tomotive use and is 
available for general industrial appli 
cation by Cop-Sil-Loy Inc. of Holly 
wood, Calif. It is a combination of lead 
and copper alloy that is claimed to car 
ry away heat as well as copper does 
lubricate like lead, but not d 

teriorate like either 


one 


now being made 


does 


MAGNETIC FLUID AND CRYS- 
TAL CLUTCHES. The mag 
netic fluid clutch, originally developed 
in 1948 by NBS, has been undergoing 
and will continue to undergo 
investigation in both government 
and industrial laboratories. As a result 
much valuable information is 
compiled on such problems as heat 


exten 
SIVE 
being 
dissipation, settling of the magnetic 
powder and hermetic sealing 

Magnetic particles may be 
vided which, 
] 


ons, 1S mixed 


finely di 
applica 
with a liquid such as oil 

to prevent packing and to afford 
smoother operation. One promising ap 


iron, for most 


plication for magnetic fluid clutches is 


that they could be substituted for th 


Product 


one-way clutches used in oscillating 
variable speed transmissions. In these 
mechanisms, a rotary 
converted to an 


first 
motion 
means 


motion 1s 
oscillatory 
which is then transformed, by 
of a clutch, back to a rotary 
motion at a lower speed Magnetic 
fluid clutches would give smoother and 
more ethcient operation 


one-way 


A new development uses stainless 
steel magnetic particles in place of iron 
It claims the following advantages over 
conventional clutches: Continuous op 
eration with negligible wear, releases 
freely and positively, constant or vari 
able torque output from constant or 
variable speed input, current excitation 
accurately controls modulation, engage 
ment and slip speed. It is adaptable to 
remote or automatic control and it op 
erates as a clutch, brake, or combination 
f both, in either direction. It 
ready available in 3 sizes with torque 
limits of 60, 200 and 500 Ib in. re 


1S al 


spectively 


A magnetic clutch using iron pow 


der—formerly used only in aircraft 
available for industrial use. It 
been ror dy 


namometers, gene rators, marine drives 


is now 
has application tested 
reversing drives, servomotors and var 

able speed drives. They have been built 
with torque-to inertia ratios as high as 
500,000 rad/sec? and power rating of 
»5 in.-lb at 2,000 


‘f one pound 


rpm for a weight 

The crystal clutch, also developed at 
NBS, applies a dc voltage to the elec 
“Bimorth piezoelectric 
crystal elements causing bending of the 
elements; this bending presses the 
clutch output disk against the rotating 
input disk. It has high speed of re 
sponse and almost negligible current 
drain. No current flows, other than in 
sulation leakage, after the applied volt- 
age has charged the capacity of the 
crystals. No magnetic field is created, 
an advantage in some applications. In a 
model, the output shaft delivered use 
ful torque in 0.2 milliseconds after 
voltage was applied Output torque was 
approximately 16.5 oz.-in. at 400 v or 
?1 oz-in. at 500 volts. The no-voltage 
drag torque, however, was about 7.5 
oz-in. Use seems limited to few highly 
specialized but important instrumenta 
tion functions 


trodes of 3 


Both fluid 


onverters are 


FLUID DRIVES. 

couplings and torque 
under widespread development pro 
grams to extend their use in the indus 
field 


trial Some companies have got 
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ten into this work merely to investi- 
gate the possibility of using fluid drives 
on their own equipment. As a result 
they have developed their own designs. 
At least one such company is planning 
to put the torque converter they devel- 
oped on the open market. Others will 
probably do the same. This should lead 
to active competition in terms of both 
design and cost 

One recently announced torque con 
verter was designed to handle engines 
developing from 180-225 ft-lb of 
torque at speeds of 2,000-2,500 and 
higher can change torque multiplica- 
tion from 1:1 to 2:1 automatically as 
requirements change. It is now being 
used where stop-and-start required for 
heavy loads are hard on engines, gears 
and drums 

To get extended full-range perform 
ance from hydraulic torque converters, 
a new oil-actuated two-speed transmis- 
sion has been designed by Twin Disc 
Clutch Company to give a dual range 
of converter operation The unit is 
equipped with a direct drive and a 
single stage planetary gear system. Two 
ratio spreads are available: direct drive 
with a 2.69:1 reduction ratio, or direct 
drive and 3:07:1 reduction ratio 

Besides the extended range of per 
formance obtained, the new two-speed 
transmission is said to give greater 
shifting ease through the use of hy 
draulically actuated multiple disk 
clutches, and provide the selection of 
three operating positions: neutral, high 
or direct drive; and low or reduction 
gear drive. All positions are controlled 
from a special, spool-type valve mount 
ed on top of the transmission 

Probably the news 
in the fluid coupling field is in the 
small sizes. One unit that has just been 


most impre SSIVE 


released is no larger in diameter than 
a standard motor and adds only 14 in 
to the length of the motor. It is for use 
from 14 to 4 hp at 1,800 rpm 


SPEED REDUCERS. .. . In gear 
motors, the emphasis is on variety of 
mounting reas 
sembling or the need for extra parts 
Many units are now being built using 
the foot mounting of standard NEMA 
frame size motors. Recent designs are 
also conspicuous for their long life, 
compactness, quiet operation, sturdy 
construction, simple but reliable lubri 
freedom from adjust 


positions without 


cation systems 


ment, @asy maintenance, and low out 


put shafts to reduce forces on the 
foundation 


For slow speed drives, shaft-mounted 
speed reducers with a fixed speed ratio 


pulleys are being 
used to extend the range of V-belts to 
operation at 5-150 rpm. These reducers 
are applicable to machines with ca 


plus \ ariable spec d 


Product Engineering 


pacities up to about 45 hp. Units are 
now available with fixed ratios of 13:1, 
15:1, and 20:1, in single and double 
reduction types. The adjustable speed 
sleeves can be used to get variations 
of as much as six-to-one. 

In gear reducers, high speed drives 
are mow operating successfully at 
speeds above 30,000 rpm and pitch line 
velocities more than 23,000 fpm. Such 
applications are rare, it is true, but 
they do exist. Also, what is rare now 
may be common practice in a few years 


CHAIN DRIVES. . . . Chain drives 
offer compact, positive transmission of 
power in almost all horsepower ranges 
A conspicuous trend is in the extremely 
short length of drives. Typical of these 
are some of the new power tools. The 
involute-type chain which was intro- 
duced about two years ago is reported 
to be increasing the capacity from 2 
to-214, times that of conventional chain 
drives. Operating speeds of about 
1,000 rpm have already been proved 
with efficiencies of approximately 99.5 
pe rcent 
doubted ly speed range 
Current thinking is in the vicinity of 
10,000 rpm as a goal 

Conventional 
being tested in the 5,000-10,000 


Development work will un 
increase the 


silent-chains are also 


rpm 


range but it is doubtful whether the 


avail 


gees 


results of these studies will be 


able 
problem at these speeds is that of re 
heat 


next yeai Bi 


within the 
moving the generated by the 
chain 


V-BELTS. . 

are now about 
only the 
application-wise 


Positive V-belt drives 
three years old but 
been scratched 
advantages are 


surface has 
The 
obvious: slip, creep and speed varia 
tions are reduced. Capacity is high and 
cost is low compared to that of conven 
tional positive drives. Furthermore 
their greater flexibility permits use on 
small pulleys and they have a useful 
life as much as five times that of or 
dinary V-belts where vibration or other 
operating conditions are severe. New 
double-cog belts, with teeth on both 
sides, are being made in both rubber 
and synthetic fibers for extended use on 
variable speed drives. One such drive 
that has recently been developed by 
Reeves Pulley Company works in either 
direction, mounts in any 
above, below, or beside the driven ma 
chine—and provides infinitely variable 
speed with 8:1 speed range by merely 
turning a handwheel connected to an 
adjustable speed pulley. Although this 
particular unit is of the exposed design 
completely enclosed units are also avail 
able. Current trends indicate that the 
latter will be used more widely. Som« 
units claim speed control as fine as 1 


position 
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rpm from no load to full load opera- 
tion. 

In the V-belt itself, continuing de 
velopment work is going on to improve 
designs and materials. It has been es 
tablished that the belts have a definite 
and predictable fatigue life. Data such 
as these will promote more accurate 
and more widespread usage 

Wide-range vari-pitch sheaves have 
been developed by Allis-Chalmers 
Mfg. Co. for use with standard motors 
from 11/, to 30 hp with motor speeds 
from 1,800 to 900 rpm. The stand 
ardized shaft diameters and projections 
of NEMA frame motors will require a 
definite size sheave for each motor size 


VARIABLE SPEED TRANSMIS- 
SIONS AND DRIVES. . . . Speed 
variations of Varidrive motors can be 
made by pneumatic remote control. A 
recent development of U. S. Electrical 
Motors, Inc., Los Angeles, Calif., the 
control permits motor positioning at 
air pressures of 60 or 100 psi through 
an air operated plunger attached to the 
motor’s changing device. The control 
can operate a group of motors being 
used at the same speed and can provide 
speed changes from one preset value 
to another by a single movement of the 
control 
Through the 
frame size, 64 


addition of a new 
VE, Varidrive 
are now available in horizontal assem 
30 hp, making possible a 


installation in 


motors 


blies up to 
more compact motor 
applications requiring horizontal as 
semblies. 

A new type of brake motor is now 
available from Graham Transmissions 
Inc.. of Milwaukee, for use with a line 
of transmissions in sizes from 4 to 3 
horsepower. The built-in brake motor 
provides for the immediate stops r 
quired in indexing and positioning 
work. This feature, plus the other ad 
vantages in the drive, such as wid 
speed range with exact speed holding 
and ability to reset at a given speed, are 
said to make the unit well suited for 
applications requiring high accuracy 
These applications include metering 


work and iobs 


and proportioning 
where the speed of one part of a ma 
terials handling system must be sys 
hronized with another part 

The 
to 3 hp, is available with or without 
worm of helical 


transmission in all sizes from 


2 
built-in reduction of 
A wide 

including micrometer, lever and remote 
electrical may be had. The complete as 
sembly of transmission, built-in motor 
built-in reducer 
with only 


spur types range of controls 


with or without brake, 
and control, mounts 
bolts. thus making a more compact ar 


rangement 


rour 


than if each element were 


to be mounted separately 
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How you can save 
up to *1,407% 

with MORSE HY-VO 
on a 350-hp., 1800- 


rpm electric motor 


Now, with Morse Hy-Vo Drives, you can gain new manufacturer, a 1200-rpm, 350-hp. motor costs 
advantages from buying smaller, higher speed, more $13,709. But an 1800-rpm, 350-hp. motor costs 
efficient electric motors. only $12,302. You save up to $1,407. Also, your 

. rher r oto oul ich 200 pounds less 
You save weight; space, and electric power. And in higher rpm motor w uld weigh 2 pounds less. 
most cases, the difference in cost between a low- And with a narrow Hy-Vo, it’s very likely 
rpm motor and a high-rpm motor of the needed you'd do away with the cost of outboard 
horsepower, will pay for the Hy-Vo Drive. Let's bearings and mountings. Bonus savings! 
look at an example. 
; Write us for detailed information on the savings 
Generally, the commonly used methods of power 

Hy-Vo will bring in your electric motor applications 

transmission. due to inherent restrictions on rota- ; f tl bh] Hvy-\ k 
‘ r » comparable savings Hy-Vo can make, 
tive speed and velocity, limit the speed of 200-hp. a zi ’ : 
or larger motors to 1200 rpm. Hy-Vo’s upper limits, 


as you ll see at right, are far greater. 
Suppose you needed a 350-hp. motor. Accord- MORSE CHAIN COMPANY 
ing to the catalog base price of one prominent motor Dept. 528 © 7601 Central Avenue ¢ Detroit 10, Michigan 


because of its high rotative and velocity limits, on 
your internal combustion engine applications. 


| 
ma ls du Wir aud 
MORSE | EXCEPTIONAL ; EXCEPTIONAL a 
Mead | ENGINEERING \ PRODUCT *<—- =~ 


POWER | “ | wr “ - 
TRANSMISSION;  )~\/7* ~ 
a ~ : _ as, o- MS 
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QUALITY [<<, MECHANICAL 


POWER TRANSMISSION 
PRODUCTS 


~ 
r ~ 
~ 





[ 
| 
| 
| 


UF 





E34 Product Engineering — 1954 Annual Handbook 








A NEW Abt 


IN POWER TRANSMISSION 


Morse Hy-Vo Drive opens a new 
age of power transmission throughout 
industry. It’s revolutionary but has 
been proved in thousands of applica- 
tions. It brings new economies to the 
use of high-speed, internal combus- 


tion engines and electric motors and 


to the construction and function of 


transfer cases. 


Because it almost eliminates 
chordal action, Hy-Vo runs almost 


noiselessly, regardless ol the load or 


speed. It protects gears, bearings, 
other equipment from effects of heavy 


vibration. 


Because of its new tooth engage- 
ment principle, new joint articula- 
tion and improved stress distribution, 
Hy-Vo minimizes pitch elongation. 
It often eliminates the necessity for 
center adjustment in engine- 
compounding or heavy-duty power 


transmission transter drives. 





as 3600 rpm for 
pitch chain; 1800 rpm for 1! 


rpm for 2” pitch chain. 





Hy-Vo’s small-sprocket rotative speeds: as high 
pitch chain; 2700 rpm for 1” 


Maximum recommended ec 


SOME HY-VO FACTS TO THINK ABOUT: 


Sprockets: 


2” pitch chain; 1200 to 5 to | 


pitch chain; 8" for 1” 


hain speeds for all chain; 16” for 2” 


pitches: 6000 fpm for continuous operation. 


Minimum 25-tooth sprockets. Ratios up 
Minimum sprocket diameters: 6° 


pitch chain, 


” 


for %4 


pitch chain; 12” for 1" pitch 








SOME REASONS WHY THESE FACTS ARE POSSIBLE 


> 


B. Hy-Vo's 1 


refinements re t i ary with 


ind manufacturing 
unusual 
tooth 


power-transmit capacity nvolute 


design of Hy 


4. A new, balanced chain-link design greatly 
improves stress distribution. contributes ma- 
of the Hy-Vo Drive 


terially to long service life 


Product Engineering 


we ss 
Rolling 


automatically 


. and new, Hy-Vo Compensating 
Joint, which shifts the 
as the 


pitch line 
Hy-Vo Chain engages 
the involute sprocket teeth 


2b. New alloy link and pin materials have 
been developed 
Hy-Vo to 


throughout the 


incorporated into 


strength 


and 
produce untiormity 


drive. 
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ae : allows chain to follow a path truly 
tangent to sprocket rdal 


destructive vibration, is 


pitch cle (} 
action, cause ot 


almost eliminated, 























G. New 


processes increas¢ 


these 


manufacturing 
life. Result of 
velopments 1 Hy-Vo 


power transmissior 
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REEVES 


SPEED CONTROL 


’ 


(oo el 


» 
. 





Variable Speed Transmission Vari-Speed Motor Pulley con- Motodrive combines motor, Flexi-Speed Drive is the most 
for providing infinite, accurate verts any constant speed motor to speed varying mechanism and re versatile, most economical vari 
speed flexibility over a wide range on accurate, variable speed drive duction gears in single, compact able speed drive with 8:1 speed 
2:1 to 16:1. Especially adapt with 4:1 ratio. Rugged, depend- unit. Speed variations 2:1 to 6:1. range. Mounts in any position 
able for heavy duty applications able— sizes to 10 hp. VARI-SPEFED Sizes to 25 hp. Also available in drives in any direction. Available 


Sizes from fractional to 87 hp JR. available for light machinery. fractional sizes with | ratio. in V2, % and | hp. 


REEVES PULLEY COMPANY, COLUMBUS, INDIANA 


Recognized leader in the specialized field of variable speed control 
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+s standard equipment 


on 2750 different 


makes of machines! 


Make the machines that you design or build more 
flexible, more productive, more salable, with REEVEs 
Variable Speed Control as standard equipment. 
REEVES provides the fu// range of stepless speed ad- 
justability necessary to handle all the variations in 
speed and timing required for different materials, 
sizes, shapes, processes, operators ... simply by the 
touch of a button or the turn of a handwheel. 
Whatever the specialized variable speed require- 


ments of your machines, the complete REEVEs line has 


SS 


S/ ; 


the equipment you need ... with your choice of 
manual, electric or completely automatic controls. 
The use of REEVES as standard equipment by the 
manufacturers of 2750 different machines speaks for 
REEVES accuracy and dependability. Let one of the 
REEVES engineers—strategically located throughout 
the United States and Canada—show you how one of 
the four basic units in the Reeves line can be built 
into your equipment or installed on it. Write today 


to Dept. K98a-3N for 132-page catalog. 


SPEED \\)) CONTROL 
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CROFOOT GEAR SERVICE 


Simplifies your problems in design and production 


YOU DESIGN-WE PRODUCE 


PRECISION GEARS 
OF ALL TYPES UP TO 12” DIAMETER 








With the availability of Crofoot Service, design engineers need 
not be limited in developing new products or improving existing 
ones simply because their own plant does net have facilities to 
produce such gears as are required. 

Nearly a quarter century ago the Crofoot organization rec- 
ognized the fact that production of precision gears was a highly 
specialized field and set up the facilities necessary for this class 
of work. Crofoot can therefore effectively serve as the gear 
manufacturing department of any shop in the metal working 
industry. Gears up to 12” diameter in all types, can be produced 
efficiently, accurately and economically. Our engineers are also 
available to assist in gear design. 





Ask for a “'Crofoot” estimate on your gear require- 
ments in any quantity. Send specifications and bive 
prints. 


CHARLES E. CROFOOT 
GEAR CORP. 
SOUTH EASTON, MASS. 
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FORMSPRAG 


FULL COMPLEMENT 








I : — 
ja | ‘10 | | LOAD | 
L 
— Pere. ae ( I 


Typical Arrangement: 





Drive is transmitted through clutch dur- 
ing low speed cycle. Clutch over-runs 
during high speed cycle. 






INDEXING 





Formsprag Clutches are ALL Full Complement Clutches 






Typical Arrangement: Their energized sprags grip at an infinite number of positions, 


Continuous rotary motion of crank A 


produces oscillation of arm B. Attached 
to outer race (or in some cases, the inner 
race) of clutch, arm B produces intermit- 







giving instantaneous operation—no bocklash—and long life 
because of low unit stresses . . . Before you specify another 
clutch be sure to read this folder. 


tent forward rotation of shaft C. 









BACKSTOPPING 


ry FORMSPRAG COMPANY 
Ss 23607 Hoover Rd., Van Dyke, Mich. 


Send the folder to 


Typical Arrangement: 


One race of clutch is attached to station- 
ary member and other race is attached 
to rotating part of mechanism. Clutch 
permits rotation in one direction, but not 
in reverse. 





DISTRIBUTORS IN 
PRINCIPAL CITIES 








a F 
BOSTOW.... 


STANDARDIZED STOCK 
MACHINE DRIVE COMPONENTS 








rs” : 
2s, Qs me 





~ C: ~ i 7, 
= ba } —S = iy 
Ao 8 | 2 Al é BUYER APPROVAL 
ds Qi\\\> | yf we Leading specialists and largest 
ae 23 x \y oe Sean” producers for 75 years, BOSTON 
STOCK GEARS: Spur @ Racks @ Miter @ Bevel @ Helicol © Worms and Worm Gears. Gear offers components well- 


known for topmost quality to 
250,000 cost-wise buyers. Give 
your product this extra “lift” 
that swings more sales. 


TOP QUALITY AT LOWER COST 


BOSTON Gear quality control gives 
you the precision, finish, and per- 
formance usually expected only 
of “‘cut-to-order” gears. But stand- 






Eliminates re-boring 
SHOLD-A-GRIP ardizing permits economy of 
SPROCKETS and CHAIN Interchangeable Tapered large volume production. Com- 
BUSHINGS and SPROCKETS : , 
For drives ranging Fit 4" to 1%" pi pare costs—the savings will sur- 
from fractional to 40 hp » pitch eprochats prise you. 


to any shafts ¥%4" to 2%” by 1éths 
WIDEST SELECTION 
The BOSTON Gear Catalog lists 
over 2,000 types and sizes of 
Gears among more than 5100 


CATALOG NO. 55 


Ge Gh tebe “ton- stock items listed ... every com- 
book” of drive design. ponent needed for average drive 
Catalog No. 55 lists 101 design and maintenance. 


Product Groups — 5112 

stock items—includes 30 NEARBY STOCKS 
peges of Engineering date. Largest local stocks, at 90 lead- 
ing Industrial Distributors. Your 
product, when equipped with 





RATIOMOTORS REDUCTORS . 
Motorized Speed Reducers Standardized Speed Reducers SOHN Sour epapenent, bs erty 
32 types—1/20 hp to 3 hp .005 hp to 36 hp minutes away from a reliable 


source of repair parts, in any 
industrial area. 

Your BOSTON Gear Distributor will 
provide any information you 
need on selection . . . including 
consultation with a BOSTON Gear 
=~ Field Engineer, at your request. 
( AZ \ Boston Gear Works, 7ZI1A 

Vn Send for your copy Hayward St., Quincy 71, Mass. 





COUPLINGS 





\< 
X BALL BEARINGS 





ORDER FROM YOUR NEARBY 
At 90 Authorized 
BOSTON... Distributors... 
a $10,000,000 stock eeminven 
for prompt deliveries + ++ at Factory Prices 





Look under “Gears” in the Yellow Classified Section 
of your Telephone Directory for the one nearest you. 
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You're always in line for satisfaction 
with PHILADELPHIA GEARS 


For over 60 years Philadelphia has supplied gears of all Spur Splines 
types, sizes and materials to all lines of industry. Our Helical Coniflex Bevel 
: ; Spur Internal . 

modern shop is equipped to produce gears to the most - Spiral Bevel 
: a : : me Helical Internal 

exacting specifications while our engineers are willing Rack Zerol 

and able to help you with any special gear problem. Herringbone Hypoid 

For complete satisfaction on every gear order—order Worm Intermittent 


Phillie Gear. Non-Metallic Sprockets 


ERIE AVE. AND G ST., PHILADELPHIA 34, PA. 
NEW YORK * PITTSBURGH * CHICAGO + HOUSTON + LYNCHBURG, VA, 





Industrial Gears and Speed Reducers 
LimiTorque Valve Controls 
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DIHEDRAL COUPLINGS 


design misalignment ¢ 


Protection against misalignment fa i 


heretofore considered impossible 





@ The Ajax Dihedral Coupling is a 
radically new, different and efficient 
spline or gear-type coupling designed 
to handle shaft misalignment far be- 
yond the capacity of conventional 
flexible couplings. 

They simplify machine design, 
manufacturing, installation and main- 
tenance by eliminating necessity for 
precision alignment of driving and 
driven shafts. Tooth clearance (back- 
lash) is held to lubrication film re- 
quirements. 


LESS BACKLASH e MOST MISALIGNMENT CAPACITY e ALL GEAR 
TEETH HARDENED TO 50-55 ROCKWELL C. 


@ More tooth area is in contact under 





misalignment than is possible with any Sadia : 
° . c - Maxi- - i i- wy 
other shape of tooth. Load is carried at ~@p-g eg? AB 7 
. Si Bor Bor 100 RPM uf 
center of teeth at the point of greatest toed ‘neal heel = 
strength. No end-of-tooth contact to re- _150 | 1% | % 12 | 12,000 : 
° - 200 2, 1 24 9,300 
sist free end-float. All teeth are case “se | me | a «8 | 7,900 
hardened by induction combining hard _ 300 | 3% | 1% 77: | 6,800 
ats . es 2 ¥ , ea __ 350 3% 2 130 | 6,000 
wear surface with tough core. Positive wo 14 121 190 | 3.260 
seals keep lubrication in and dirt out. 450 | 4% | 2% | 260 | 4,770 
° ° 1 
Made in standard, mill motor and aoe Se ee 
x y _ 550 | 5% | 2% | 440 | 3,900 
floating shaft types. Table gives basic ~ 600 | 6%, | 3% | 60S | 3,690 
sizes and capacities. Write for catalogs. 700 | 7% | 3¥2 | 965 | 3,220 























AJAX FLEXIBLE 













RUBBER-BRONZE 
COUPLINGS 


nf troubles out of your machines 






















STANDARD 
AS ORIGINAL EQUIPMENT 
SET SCREW FOR 30 YEARS 


@ With clearances in modern machines 
measured in thousandths, not fractions, 
protection against major damage due to un- 
avoidable misalignment is an essential safe- 
guard to bearings, gears, armatures, impel- 





lers and other costly working parts. 

The positive, resilient drive provided by 
Ajax Flexible Couplings has proved to be 
good economy especially emphasized under 


GRAPHITED BRONZE conditions where replacement parts for 


BEARING 
machines are difficult to obtain. 
—————— CINE Se Ajax Rubber-Bronze Bushed Bearings 
FLEXIBLE RUBBER and Hardened Steel Studs provide flexible 
——— FLANGE yet positive drive. Bearings are self lubrica- 


ting... maintenance zero. Write for catalog. 











nentienueen | 
laxi- 
nnn AJAX 
P.M. 

= SHALER SHAKERS 
2.000 
— Thousands used as original 
= equipment on vibrating con- 
», BOO 
000 veyors, screens, hoppers and 
— other applications requiring 
i self-contained, compact re- 
=) . . . . 
ae ciprocating drive. Write for 
s 
,690 catalog. 
.220 
- 








-E COUPLING CO. INC. westTFIELD, N.Y. 









TVVENT ey, 


...@ design and 
manufacturing 
service on 
precision and 
commercial gears 
in any quantity 


GEARS ... of all types for application to all classes of facilities for producing gears accurately, efficiently and 
equipment—precision and commercial quality—any quan- economically. 

tity—light or heavy duty—for low or high speeds—de- Our engineers will work with you through every stage 
signed and fabricated to exacting specifications—this, of development and application—from drawing board to 
briefly, describes the service behind “TECH GEARS.” final assembly and testing if the application is such as to 
Ability to render such complete, technical and manufac- warrant such final supervision in a user’s plant, to the 
turing service is made possible through an engineering end that “TECH GEAR” performance is 100% satisfac- 
staff of gear specialists, and a modern plant with complete tory. 


Your inquiries are invited and will have our prompt attention. Our estimates on your 
requirements incur no obligation. Send specifications or drawings, giving quantities. 


EGG OU GR GeR Leae west concord, mass 
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GLEASON WORKS 


BUILDERS OF BEVEL GEAR MACHINERY FOR OVER 85 YEARS 
1000 UNIVERSITY AVE.- ROCHESTER 3, NEW YORK 
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SPECIFY STD 


FLEXIBLE SHAFTING 


FIRST SINCE 1875 
wr 













STOW flexible shafting powers this Avery 
Rake, built by the B. F. Avery Division of 
Minneapolis Moline Company, Louisville, 
Kentucky. Write for Bulletir 


§ compelling reasons why you 
should do business with STOW: 


1. DEPENDABILITY — Stow Engineers are flex- 





ible shaft specialists. Lo he Sie , 
2. EXPERIENCE— Stow is the oldest and largest STOW flexible shafting saves $700 on the - 
producer of flexible shafting in all sizes cost of this Super Tandem Crushing Plant 


3. COMPLETE SIZE RANGE—From '%'' to product of the lowa Manufacturing Co., Cedar 
1%'' cores—up to 1500 Ib. in. for power drives Rapids, lowa. Write for Bulletin 525 


Ov 


or 4000 Ib. in. for remote control. 
4. STANDARD power drive shafts available. 
5. FOUR STANDARD types of cases. Special 





y cases can be furnished to meet your requirements. 
«x, 6. LARGE VARIETY of standard terminal parts 
Se) arecuiiner Gentile available. 
ile bin. Can 7. SPECIAL terminal ports con be made to 
plete information on the your specifications. 

8. ENGINEERING SERVICE—Your inquiry will 


Stow line of power tools 
+ : receive prompt and careful consideration by 


TOP flexible shaft engineers. 


wrife ? ; 





STOW concrete vibrator model BG 


designed for high-speed concrete STOW flexible power drive shaft drives new, 
vibration under rugged conditions, all mechanical mining drill developed by the 





r Bullet ; Crichton Co., Johnstown, Pa. for greater safety 
and ease of handling Bulletin 5 






Write today for descriptive literature on Stow flexible 


shafting, flexible shaft machines, vibrators and screeds. 








f\ 
MANUFACTURING CO. 


State Street 
Binghamton, New York 





STOW 


application. For further information 





tank truck pump drive 


w 
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MK Westinghouse Air Brake Co. 
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INTERNATIONAL HARVESTER 
CATERPILLAR 


Cxrcace Pweumar c 
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camPrany 





CARCO 


FLLIS-CHALMERS 
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* HYSTER 
COMPANY 


@ CRANE & SHOVEL CORP 
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HELICOPTER 


CORP. 


= 


* ATLANTA..119 14th St.,N.E., 
Atlanta 5, Georgia 


* CHICAGO 1500 South West- 
ern Ave., Chicago 8, Iilinois 


* CLEVELAND 200 Egbert Rd., 
Bedford, Ohio 


* DALLAS 
Dallas 1, Texas 


3407 Main Street, 


CLUTCH PLATES, FACINGS 
AND BRAKE LININGS 


There's one BIG reason why Velvetouch is ‘‘stand- 
ard equipment” with leading manufacturers. And 
that reason is DEPENDABILITY! They know from 
experience that Velvetouch lasts longer, requires 
fewer adjustments .. . because it's all-metal! 

Unlike ordinary friction material, Velvetouch is 
made from powdered metals, compressed and 
fused to a strong, steel backing plate. As a result, 
it runs cooler, guards against scoring ...can't de- 
teriorate like asbestos. In addition, it cuts chattering 
and grabbing to insure new operating smoothness. 

Our engineers and laboratory technicians are 
ready to work closely with you in solving your 
friction problems economically...and efficiently. 
Just call our nearest office, or write 


THE S. K. WELLMAN CO. 
200 Egbert Road + Bedford, Ohio 














THE S. K. WELLMAN CO. SALES OFFICES AND WAREHOUSES 


** DETROIT 16622 James * SAN FRANCISCO 424 Bryant 
Couzens Highway, Street, San Francisco 7, Calif 
Detroit 21, Mich. 


*LOS ANGELES — 1110 South 
Hope St., Los Angeles 15, Cal 


* PHILADELPHIA — 1545 West 
Belfield Ave., Philadeiptma 
4), Pa 


* PORTLAND.-636 N. W. 16th 
Ave., Portiand 8, Oregon 


* TORONTO, ONTARIO — The 
S. K. Weliman Co. of Canada, 
Ltd., 2839 Dufferin St 


** WASHINGTON - 1101 Vermont 
Ave. 8. W., ' 
Washington 5, D. C t 


** EXPORT DEPARTMENT —8 South Michigan Ave., Chicago 3, Illinois 


* SALES OFFICE AND WAREHOUSE 


** SALES OFFICE 








DE LAVAL 


ee a Ce ee ee 





Bronze gear teeth retain true form 
over long periods of service due 
to the regenerating action of the 
hardened steei worm. In fact, the 
efficiency actually improves as 
the gear ‘wears in”’. 


Three or more teeth are in contact 
with the worm at all times. The 
flow of power is smooth, con 
tinuous and vibration free. 


e designed to take punish- 


ment year-in, year-out. Gear teeth are under a crushing, 


instead of a bending load. Thus they withstand ex- 
tremely high momentary and shock loads damaging to 
other forms of gearing. They need little attention even 
under the most rugged operating conditions. 

De Laval manufactures these heavy-duty sets in a 


wide range of ratios from 3:1 to 100:1, with ratings of 





DE 
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can take“hard knocks” 














4 


High Shock Load 


Capacity 


Standard 14 12° involute spur gear 
tooth and old time worm tooth. 


20° stub spur gear tooth. 


e 
P ot 
eX 
a 
yn’ 


De Laval Worm Gear tooth. Note 
line of pressure falls inside base 
of tooth. 


Write on your business letterhead for Catalog 5000 


.1 hp to 550 hp and center distances from 3” to 2". 
It pays to design around these De Laval stock sizes. 
Special sets, however, can be furnished to any detailed 
specifications. 

Proven applications of De Laval worm gear sets 
include the machine tool industry, rolling mills, pro- 
cess machinery, cranes and hoisting equipment and 
many similar uses. 


Worm Gear Sets 


LAVAL STEAM TURBINE COMPANY 


2 Nottingham Way, Trenton 2, New Jersey 
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For further information on Fawick Industrial 
Clutch and Brake Units, write to the Main 
Office, Cleveland, Ohio, for Bulletin 400-A. 


FAWICK AIRFLEX DIVISION 


FEDERAL FAWICK CORPORATION 
9919 CLINTON ROAD «+ CLEVELAND 11, OHIO 
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INDUSTRIAL CLUTCHES AND BRAKES 
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Here’s How the Revolutionary 


gm?” T MING’ 


made possible use of lower-horsepower motors on 


TOKHEIM’S NEWEST GASOLINE PUMPS 




















he mam 





WHEN PERFECT SYNCHRONIZA- 
TION or elimination of slippage 
is important, the Gilmer 
“Timing” Belt drive affords 
many unique advantages. Here, 
however, is an application for 
which the ‘“Timing” Belt drive 
was chosen solely for its nearly 
100%0 efficiency in transmitting 
power... and the savings which 
that efficiency made possible! 
In extensive tests, prior to 
adoption of the “Timing” Belt 
drive to replace the V-belt drive 
between motor and pump, en- 
gineers of Tokheim Oil Tank & 
Pump Company found that the 
‘“Timing”’ Belt drive: 


e@ Consumed 75 watts less power. 


@ Made possible reduction in motor size from 
1/3 to 1/4 HP. 


e@ Increased belt iife by as much as 16 to 1. 
@ Reduced maintenance by eliminating need 
for belt take-up. 


Compared to these obviously 


substantial savings, the 10% 
higher initial cost of the 
“Timing” Belt drive is insig- 
nificant. Not only does the 
manufacturer save on motor 
cost; filling station operators 
also will benefit, year after year, 
from reduced electrical power 
consumption and belt replace- 
ment costs. 

Various users of Gilmer 
“Timing” Belt drives who have 
made dynamometer tests report 
no appreciable difference 
between motor output and 
power delivered to the driven 
shaft. Such superior efficiency 
stems from the fact that 
“Timing” Belt drives do not 
rely on surface friction or belt 
tension for grip. They have no 
friction-creating joints, no 
metal-to-metal contacts, no 
slippage loss, no lubricant drag 
and impose minimum loads on 
bearings. 
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'$ New Power-Iransmitting Medi 
Industry’s New Power-Transmitting Medium 
/o 
e S d . ” * 
. weeps away design restrictions 
e 
Yr 
's In one application after another, @ Needs no initial tension. Lighter bear- 
P. “*Timing’”’ Belt Drives have enabled ing loads permit lighter bearings. 
r machine designers to achieve basic / 
‘ engineering improvements—or to e@ Does not stretch or lengthen with 
a design entirely new machines— use; requires no take-up. 
that were previously either imprac- ; 
tical or impossible! For never be- © Can be designed for zero backlash. 
e fore has there been a positive drive @ Capacity ranges from 1/100 to 300 
+ that combined all these desirable horsepower. 
| characteristics: 
e These are but a few of the unique 
d @ Requires no lubrication, no housings features of this amazing tooth-grip 
n or lubricant guards. belt drive that is already in suc- 
) Maintai , hrenizati cessful use on hundreds of thou- 
y © crn precise syncaronization sands of machines. Consult your 
t (“timing”) between shafts. local NYB&P Distributor—or 
ot e@ Provides speed ratios as high as 15 write direct for the new 76-page 
It to 1 in a single step. Gilmer “Timing” | Belt Standard 
7 ’ Drive Manual listing hundreds of 
10 @ Operates satisfactorily at speeds drives now available promptly 
re) from inches per hour to 15,000 fpm. fromstock. AddressGilmer “Timing” 
10 @ Permits use of very small diameter  P¢!t Division of New York Belting 
» Seve fer ultra- t dri and Packing Co., Tacony, Phila- 
B PEREYS TOF UEWS-COMPRCE Gives. delphia 35, Pa., or phone Devon- 
mn @ Hasnearly 100% mechanicalefficiency. shire 3-7400. 














NEW YORK BELTING & PACKING CO. 1 Market St., Passaic, N. J. 









America’s Oldest Manufacturer of Industrial Rubber Products 
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For 


Simple more logical grouping of working units 


to insure quiet, smooth trouble-free operation. 


For 


More economical construction and lower mainte- 


nance cost. 


For 


A more direct alignment in remote control or 


power transmission around corners. 


Write on your letterhead for 
“Flexible Shaft Assemblies” 


EW STEWART MFG. CORP 


4311-13 RAVENSWOOD AVENUE . CHICAGO 13, ILLINOIS 
WEST COAST PLANT: 1638 So. Flower Street, LOS ANGELES 15, CALIFORNIA. 
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CANNOT BE ARGUED INTO A GEAR! 
“ILLINOIS GEAR” BUILDS IT IN... 


A gear is right or a gear is wrong. There will be no argument — 
there will be no compromise with quality 


when you specify Illinois Gears. 





07 ko ; /; one gear or 10,000 or more 
oD P ILLINOIS GEAR & cee ne 











THE HILLIARD LINE OF Clutches and Couplings 


* 
* SINGLE REVOLUTION - 


USE: Rivet machines, snap fastener machines, shears, staplers. 
bottling machinery, cut-o mechanisms, indexing and feeding 
equipment, packaging processes or wherever controlled inter- 
mittent motion is necessary from a continuously rotating source 
of power. 


SPECIFICATIONS 
Made in 2 types and 11 standard sizes plus special designs to suit 
particular applications. 
Smallest standard size—1-13/16" diameter x 1-13/16" shaft length, 
3/8” bore, 1/20 H.P. @ 100 r.p.m., 2.6 foot pounds torque normal 
rating. Speed up to 275 r.p.m. under certain conditions. 
Largest standard size 17-1/2" diameter x 17-5/8” shaft length. 
bore up to 4-15/16", 176 H.P. @ 100 r.p.m., 9240 foot pounds 
torque normal rating. Approximate maximum speed 65 r.p.m. 
Write for Bulletin 239 if you need further information. 


e SLIP - 


USE: to protect speed reducers or gear trains against destruc- 
tive overload, to reduce shock in door opening and closing 
mechanisms, as a safety feature where a machine is subject to 
jamming or to limit the torque in any drive. 


Also to provide constant tension with varying speed as in a 
reeling or winding application. 


SPECIFICATIONS 
Made in 15 types and 11 sizes. The torque transmission of all slip 
units is adjustable and some models can be adjusted while in 
operation. 
Smallest clutch (light series)—2-3/8" diameter x 1-3/4” shaft length, 
1/2” or 5/8” bore, 9 foot pounds torque maximum capacity. 
Smallest clutch (regular series)—5-3/4" diameter x 4-3/4” shatt 
length, 3/4”, 1”, or 1-1/4" bore, 38 foot pounds torque capacity. 
Largest clutch—27” diameter x 31-3/8" shaft length, bore up to 
8”, 24600 foot pounds torque capacity. 


For a complete description, request a copy of Bulletin 300. 


e OVER-RUNNING - 


USE: Dual drive, two speed drive or standby drive on boiler 
stokers, blowers, induced or forced draft fans, dry cleaning 
machines, ventilating fans and similar equipment. 


Also for ratchet feed on presses or automatic back-stop on con- 
veyors or to permit free rotation when the driver slows or stops. 


SPECIFICATIONS 
Made in 7 types and 15 standard sizes plus special designs for 
specific installations. 
Smallest standard size—1-13/16” diameter x 1-25/64” shaft length, 
3/8” bore, 1/20 H.P. @ 100 r.p.m., 31.5 inch pounds torque normal 
rating. 
Largest standard size—25” diameter x 16-7/8" shaft length, 
7-15/16” maximum bore, 394 H.P. @ 100 r.p.m., 20694 foot pounds 
torque normal rating. 
Ask for Bulletin 231 if you want additional comprehensive data. 


e CENTRIFUGAL - 


USE: To reduce the starting shock on high inertia drives such 
as Compressors, Ball Mills, Hammer Mills and Mixers. To pro 
vide smooth acceleration of textile machinery, wire drawing 
machines, conveyors and tube mills. 


Also will permit engines to idle while automatically discon 
nected from the load until some preset speed is reached . . 
and also used as automatic couplings for emergency or dual 
drive systems. 
SPECIFICATIONS 
Made in 3 general types and 7 sizes. The Hilliard Twiflex centri- 
fugal coupling features exceptional flexibility as an inherent 
quality. 
Smallest coupling—4-3/4" diameter x 3-1/16" shaft length, 1” bore 
maximum, up to 4 H.P. @ 2000 r.p.m. 
Largest coupling—14-3/4" diameter x 7-13/16" shaft length, 4” 
bore maximum, up to 400 H.P. @ 1440 r.p.m. 
Write for Bulletin #400 for additional information. 


* 


HILLIARD CLUTCHES AND COUPLINGS ARE 
EXCELLENT FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


ALLPRODUCTSOF THE HILLIARD CORPORATION ELMIRA, NEW YORK 
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1 your machine has a shaft 
that must turn at an intinife 


range of LOW SPEEOS... 


GET, Sy 


variable speed drives 
. for Accuracy, 
ability 

and...* 





The Graham Variable Speed Drive 
is a perfected, inherently correct 
mechanism specifically designed to 
bring better, more accurate control 
to your machines. Key to the suc- 
cess of this improved drive is the 
fact that power is transmitted by 
metal to metal contact . . . there 
are no belts, tubes, friction discs 
or other perishable parts. 


For low speed applications where 
all speeds are wanted from a maxi- 
mum of, say, 50 RPM to zero the 
Graham is especially economical be- 


cause it incorporates both the speed 


variation and the speed reduction and {rs. NO TUBES oS 
ee 


avoids the cost and complication of 
MODEL 150MR7 
e 











separate gear reducers. For example, on 
conveyor drives, the Graham Model 150MR7 
gives all speeds from 65 RPM to zero and 
permits taking further reduction, without added 


cost, by chain. 


ALL SPEEDS FROM TOP TO ZERO EXTREME COMPACTNESS PROVED PERFORMANCE Low CosT 
Only the Graham gives unlimiced Only the Graham is built as a The Graham has a performance The Graham is unmatched for accu 
speed range from any desired straight-line extension of a standard record of over fifteen years’ satis racy of speed setting and resetting 
maximum speed to zero, plus re induction motor (or available with factory use as standard equip- and spese Belting. Oi -enpesnoes 


variable speed drive made"’ but costs 
© more than conventional drives 
the motor plicitty and compactness chines (OEM buyers). that do less. 


verse if wanted, without stepping out motor) —the ultimate in sim ment by leading makers of ma- n 






Because Mail This Coupon NOW... 
GET, engineered =| a” sseuue 
and rated for GRAHAM TRANSMISSIONS, INC. 
continuous DEPT. PE, MENOMONEE FALLS, WISCONSIN 
‘round the Gentlemen: Please send your latest catalog on Grohom Variable Spee Drive 
most reliable variable speed drive made — Gunga 
¢ clock service wy 





RK 
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It pays to rely on LINK-BELT-- 


ONE SOURCE... 
ONE RESPONSIBILITY 


ior power transmission machinery 


There are important advantages in filling your me- 
chanical power transmission requirements from one 
pre ved source. First, of course, is the convenience to 
you from a purchasing standpoint ( onsider, too, the 
correct integration of every component — with no 
elements under- or over-rated. But you get more than 
this when you call in Link-Belt 

(1) Link-Belt builds a broad range of types and 
sizes in every category. There’s no necessity to fit our 
recommendations to a limited line. 


(2) Every product of Link-Belt is built to the 
highest standards of quality. Each offers you impor- 
tant engineering features (see page at right) that 
spell longer life, lower costs for you. 

(3) Link-Belt offers vast knowledge of modern 
industrial requirements plus unequalled power trans- 
mission application experience. 

Add them all up. They're the reasons why it pays 
to rely on Link-Belt. For complete information, call 
the listed Link-Belt office nearest you. 
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Look for 
the darkened 
rollers 


Be sure you get the 
Roller Chain 
with shot-peened rollers 


Shot-peened rollers assure you of extra fat 

life — just one of the extra-wear features | 

get with Link-Belt 

Chain. Link-Belt builds a complet 

single or multiple widths in a 
double pitch, 1” to 3” 


Precision Steel R 


Osh DADA 


LINK-BELT Silent Chain - - the 
proved way to transmit 
high hp at high speeds 


On thousands of applications, Link-Belt Sil- 
verstreak Drives have proved 
their effectiveness and durability. High hp 
and high speeds are delivered with the same 


Silent Chain 


trouble-free efhiciency (over 98 as are less 


gemanading loads 








SERVICE IS AVAILABLE FROM THESE LINK-BELT SALES OFFICES 


Albany Broadway} 
® Arlanta Murphy / SW 
Baltimore | 2315 Se. Paul St 
Birminghan 6 Second Ave N 
* Boston 1‘ 6 Brookline Ave 
Buffa!o 295 Main St 
w®Charlote 2, N. ¢ 112 S. Tryon St 
*& Chicago 9 1 W. Pershing Rd 
Cincinnat , 138 E. Courr Sr 
Cleveland 1 1422 Euclid Ave 
*®Dallas 2 500 Good-Latimer Expressway 
Denver 2 « Schloss & Shubart _ 1¢ Wazee St 
*& Detroit 4 138 Linsdale Ave 
Duluth 2 Ol W. First St 
Grand Rapids Burton St., S.W 
* Houston 4203 S. Wayside 
Huntington 9, W. Va 1009 Fifth Ave 
Indianapolis ( ) S. Belmont Ave 
Jacksonville 2 137 E. Forsyth St 
% Kansas City 8, Mo 30 Holmes St 
Los Angeles 33 Anderson St 
Louisville 2 
Milwaukee 
* Minneapoli 
Moline, Ill 
Newark 8, N 
New Orlean 


IN AUSTRALIA—I 
& Sydney 


New York 
*®Includes Fact 


&Oakland 7, Calif 

® Philadelphia \ 
® Pittsburgh 13 

& Portland 9, Or 


wSalt Lake Cit 5 5 
&San Francisc i 100 Paul Ave 
*®Seattle 4 
*Spokane | North 1303 Washington St 

Washington D. ¢ 


Distributors and Representatives tt gh 


Z Harrison St 
Hunting Park Ave 
5020 Centre Ave 

N.W. l4th Ave 
5 N. lith Se 
ith West St 


Sixth Ave S 


Eleventh St., N.W 


ilkes-Barre 15 W. Marker St 


Wilmington 43, Del 805 Orange St 
EXPORT 
New York Room + Broadway 
IN 
* Toronto | Ee t Ave E. Scart 
*% Montreal 1 
*® Winnipeg >? P 
* Vancouver | ) Boundary 
® Swastika, Ont 8 
® Halifax + Auster 
Hamilton 
Sydney « Austen B 
IN AFRICA—Link-Be 


*® Springs 


DIVISION 
CANADA—Link-Belt mited 


Beaumont Av 
riage Ave 
Road 
Boisvert St 
B | 8 Hollis St 
James St. S 
George St 
a Limited 
Transvaal. Union of South Africa 
Industry Rd., New Era, PO. Box 28 
nk-Bele Company Pry. Led 
17 + 


N.S.W I youlburn St 
the W 














P.1.V. gives you 
positive, infinitely 
variable speed control 


Increase the flexibility and efficiency of your 


machines with P.I.V., the variable speed d 


rive 
that’s not f 
forming chain grips toothed wheels positively 
without slippage, gives the exact speed you 
need from maximum to minimum 


lependent on friction. Self-tooth 
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No oneChain serves 
every purpose -- choose 
from complete LINK-BELT line 


Link-Belt offers no single “cure-all” chain to 
handle every job. From the most complete 
line of chains and sprockets, we can recom 
mend the best type to fit your requirements 

of cast, combination, forged and fabri 
cated steel 














Why LINK-BELT builds 
all 3 types of 
Enclosed Gear Drives 


Whatever factor governs your speed re- 
ducer selection ratio, space, shaft posi 
shock loading Link-Belt offers 
the exact answer to your needs. Choose 
from a full range of 
in Helical, Herringbone, 
Drives and Gearmotors 


tion, 


sizes and 


Worm 


ratios 
Gear 























LINK-BELT Fluid Drive 
makes machinery and 
motors last longer 


Constant cushion 
overload protection, eliminates 
torque and high-starting currents 
Fluid Drives are the answer for 
repetitive-snhock high-starting torque loads 
Smooth running at all times. 


high-inertia 
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action provides shock and 
high-starting 
Link-Belt 


LINK-BELT Ball and Roller 
Bearings serve America’s 
hardest-working machines 


I Link-Belt bearings give you 


Precision built 
nger life and extend lubricating schedules 


[here's a Link-Belt bearing for almost every 
ndustrial flanged, flanged 
artridge, cartridge, hanger and take-up blocks 
as well as unmounted bearings 12992-A 
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Th most complete line of 


differential gear reducers 


horizontal type 


patented differential gear 


seven sizes: 
1/10 H.P. to 82 HP, 
at 1800 R.P.M. 
ratio range: 
1:1 to 50,000:1 
max. output torque: 
200 to 113,000 in. Ibs. 


flanged mounted type 
patented differential gear 


six sizes: 
1/10 H.P. to 50 H.P. 
at 1800 R.P.M. 


ratio range: 
1:1 to 50,000:1 


max. output torque: 
300 to 63,000 in. Ibs. 


vertical type 


patented differential gear 


six sizes: 
1/10 H.P. to 82 HP. 
at 1800 R.P.M. 


ratio range: 
1:1 to 50,000:1 


max. output torque: 
300 to 113,000 in. Ibs. 





( 


“ 





iP, 


iP. 


Ibs. 


Ibs. 

















Standardized speed reducers from 1/100 to 85 H.P. 


worm and helical gear reducers 


“B”’ series 


horizontal type 
single reduction 
worm-on-bottom 


ten sizes: 
1/12 H.P. to 124% H.P 
at 1800 R.P.M 
ratio range: 
5:1 to 132:1 
max. output torque: 
145 to 27,000 in. lbs 


“BT’’ series 


horizontal type 
single reduction 
worm-on-top 


eight sizes: 
1/10 H.P. to 12% H.P 
at 1800 R.P.M. 
ratio range: 
6:1 to 132:1 
max. output torque: 
205 to 27,000 in. lbs 


“BV”’ series 


vertical type 
single reduction 
worm gear 


nine sizes: 


1/12 H.P. to 12% HLP. 
at 1800 R.P.M. 


ratio range: 
6:1 to 132:1 


max. output torque: 
145 to 27,000 in. Ibs 














“BX’’ series 


horizontal type 
double reduction 
helical-worm 

four sizes: 


Ye H.P. to 8% HP. 
at 1800 R.P.M 


ratio range: 
60:1 to 159:1 


max. output torque: 


2250 to 26,000 in. lbs. 





WINSMITH, INC. 








“DB’’ series 


horizontal type 
double reduction 
worm gear 


eleven sizes: 
1/30 H.P. to 4% H.P 
at 1800 R.P.M 
ratio range: 
25:1 to 3850:1 
max. output torque: 
2 to 27,000 in. Ibs 


“BDV”’ series 


vertical type 
double reduction 
worm gear 

seven sizes: 


100 H.P. to 4% HLP. 
at 1800 R.P.M 


ratio range: 
45:1 to 4080:1 
max. output torque: 
156 to 27,000 in. Ibs 





“DBRA’’ series 


horizontal or vertical 
right angle drive 
double reduction 
worm gear 
one size: 
1/20 H.P. t s H.P 
at 1800 R.P.M 
ratio range: 
25:1 to 1764:1 
max. output torque: 
101 to 154 in. lbs. 





” 
"700-800-900 
series 
horizontal type 
single reduction 
helical gear 
three sizes: 

Ve HLP. to 8 HLP. 

at 1800 R.P.M 
ratio range: 

3.06:1 to 12.66:1 


max. output torque: 
107 to 1900 in. Ibs, 


emetr 
fos 
eR 


oltth) 

















Casket—These 


sealed by gaskets and “O” rings to 







reduce the possibility of leaks 
~ 












belt Sheave—Mounted close to 
bearing to reduce loading 
f normal belt pull 









Combination Oil and 
Dust Seal—Located 
for easy accessibility 


‘ 





ces le and | ated F 


near inner diameter, | 






Input Shaft 
Sleeve—Bored 










where pressure is low 

















to minimize possit to fit standard T 
ty NEMA frame S 
motor shafts 8] 

li 

S 

b 
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Locking Collar—To prevent 
axial movement of the unit 
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All Nelson Liquid Drives Bring You These . 
L 
6 BIG OPERATING ADVANTAGES E 
fo 
\ SMOOTH FLOW OF POWER REDUCED CURRENT INPUT TO THE MOTOR 


The current input to the motor is approximately proportional to 
the torque developed. The motor temperature rise is lowered 


Transmit power at high efficiency. No mechanical connection 
between the driven load and the motor. Continuous uniform torque 


at the output shaft for the acceleration of the machine. because of reduced resistance losses at conditions of normal air 


circulation. 


(a or See enna . PROTECTION AND REDUCED OUTAGE 


Nelson Liquid Drives protect machinery from costly breakages and 
downtime caused by abuse. Provide controlled over-load torque 


Normal back-lash and looseness of the parts of the driven machine 
are taken up before it gains operating speed. Controlled, uniform 





application of motor torque is accomplished by vortex circulation 





and stalls when a jam occurs. The machine is ready to continue 





of oil. 





when the jam is cleared. 









. EASY STARTING SIMPLE CONTROLS 
The electric motor always starts at no-load and accelerates to near Nelson Liquid Drives permit direct across-the-line full-voltage 
full speed before it is required to develop maximum torque to starting of the electric motor by lower current values at near 






start the load. full speed. 











The Liquid Drive Division of G. E. Neilson Co. reserves the right to make changes at any time 
and without notice, in price, specifications or dimensions, and also to discontinue models 











MAKES DIFFICULT STARTING...EASY 


Advantages of the 
VARIABLE SPEED UNIT 


The specific advantages to be realized thru the use of a Variable 

Speed type Liquid Drive are derived from its ability to vary the 

speed of the driven equipment and, in another light, its ability to 

limit the torque transmitted to the driven equipment. 

Other advantages to be realized are common to both the Variable 
Speed type and Traction type Liquid Drives and are derived from two 
basic characteristics of a hydraulic coupling: 

1. The Liquid Drive is a slip type unit. The difference in speed be 
tween the runner and impeller rotors increases with the increasing 
loads until the runner rotor stalls out. 

2. The torque transmitted by a Liquid Drive, at constant slip and 
constant degree of fill, varies as the square of the impeller or 
motor speed. 

Speed Control: By means of positioning the scoop tube, an infinitely 

variable range of speed control may be obtained. 

Acceleration Control: Within the limits of available motor torque 

and the rate of supply of fluid to the unit, the Variable Speed Liquid 

Drive provides a means of controlling the acceleration of the driven 

equipment. Acceleration is controlled by regulation of the rate at 

which the scoop tube is retracted or the rate at which the unit is 
filled. 

Load Control: In conjunction with acceleration control, the torque 

transmitted to the driven equipment may be limited by setting the 

scoop tube in a given position or regulating the rate of retraction 
of the scoop tube. 

Declutching: The Variable Speed Liquid Drive will allow the driven 

equipment to be rapidly declutched. 


TYPICAL APPLICATIONS FOR THE VS DESIGN: 


Conveyors 
Mixers Crushers and Ball Mills 
Fans and Pumps 


Coilers 


Centrifugals 


Synchronous Motors 





Automatic Control: The Variable Speed Liquid Drive is easily 
adapted to automatic control by the use of pneumatic, hydraulic 
electric or mechanical systems to actuate and position the scoop tube. 
No-Load Starting: The torque transmitting relationship with impeller 
or motor speed is such that practically no-load starting and accelera 
tion of the motor can be had. This feature reduces starting current 
required, allows the use of normal torque motors, and frequently 
allows motors to be selected on the basis of running load rather than 
starting load requirements. In many cases electrical starting systems 
may be simplified. 

Shock Protection: With the inherent feature of having no direct 
mechanical connection between driving and driven elements and 
of being a slip type unit, the Liquid Drive offers protection against 
shock loads, for both driving and driven equipment. 

The Liquid Drive offers protection against starting shock. resulting from 
mass effects that develop thru the inherent slack or lost motion in 
the various mechanical elements of the power train. Upon the start 
ing of the motor or driving equipment, the Liquid Drive progressively 
tightens up the power train, thereby preventing such starting shock 
In offering shock protection the Liquid Drive will absorb the shock 
energy and dissipate it. in the form of heat. Other types of dampen 
ing mechanisms and shock absorbers frequently become the source 
of difficulties, due to the fact that they store and subsequently release 
the shock energy back into the driving and driven equipment, thereby 
minimizing their effectiveness as shock absorbers. 

Overload Protection: The Variable Speed Liquid Drive offers over 
load protection to the motor and driven equipment thru its ability to 
slip when loads are increased. 


———WRITE + WIRE + PHONE 


For detailed application and model data for your 





drive problem. 
> 


Bulletin 6020 covers TS-TF-TH designs 
Bulletin 7020 covers Variable Speed Unit 




















LIQUID DRIVE DIVISION 


ae 
HOLLY, ‘MICHIGAN. 





NELSON COMPANY 








FLEXIBLE SHAFTS — S.S.White offers a wide choice 


of flexible shafts to meet your specifications. 


FOR POWER DRIVES. Available in a comprehensive selection 
of sizes, load capacities, and other characteristics to meet a wide 
range of power drive requirements. 


FOR REMOTE CONTROL. For manual or mechanical control. 
Featured by minimum backlash (i.e., low deflection in either 
direction of rotation), and smooth, easy operation. 


THE FLEXIBLE SHAFT HANDBOOK—23rd Edition 
has 260 pages of facts and data on flexible shaft 
selection and application. A copy wili be sent free 
to any engineer who writes for it on his business 
letterhead. 

















FLEXIBLE SHAFT ADAPTERS 


Used to connect flexible shafts in close 
quarters or where space conditions 
prevent a direct connection without 
bending the shaft to the point of possi- 
ble damage. 

Drawings and specifications on request. 





ACTUATORS 


Designed to convert rotary motion into 
linear movement, S.S.White actuators 
can be used with flexible shafts or 
with direct motor drive. 

Drawings and specifications on request. 


PLASTIC PLUGS AND CAPS 


THREADED TYPE. Provide inexpensive 
protection to threaded openings and 
studs during shipment, storage or main- 
tenance. Made of tough, non-brittle 
plastic, they are available in N.P.T. 
Standard, Machine Screw and Metric 
Threads. 
Write for Bulletin P-5203. 


ELASTOPLASTIC TYPE. Slipped into or 
over the ends of plain tubing, these 
flexible plastic plugs and caps seal out 
dirt and moisture and prevent damage. 
They hold by friction fit and are easy 
to apply and remove. 

Write for Bulletin P-5107. 








INDUSTRIAL “‘AIRBRASIVE’’ UNITS 


Utilizes a fine jet of gas-propelled 
abrasive particles to perform a 
wide variety of high precision op 
erations including cutting, etching, 
deburring and controlled removal 
of surface coatings. 


Samples of your product or material w || be tested to deter- 
mine the suitability of the ‘‘Airbrasive’’ Unit for your re- 


MOLDED RESISTORS 


These “All-Weather” resistors have in- 
herent low noise level and good stabil- 
ity in all climates. HIGH VALUE RANGE 
—10 to 10,000,000 megohms. Rating 
1 watt. STANDARD RANGE— 1,000 
ohms to 9 megohms. Rating 1 watt. 
Also available are $.S.White 80X High 
Voltage resistors rated at 4 watts ina 
range of resistance values from 100 
to 100,000 megohms. 











quirements. Write for Bulletin 5307. 





DENTAL MFG. CO. 


WY 


Write for Bulletin 4906. 
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1s what 
counts when you 
buy snall gears 


Extra years of smooth, quiet, dependable perform- 
ance is “the end result’”’ when you buy G. S. Small 
Gearing. Added to these superior advantages is the 
joy of getting Gears that measure up to highest 
UNIFORM quality standards, always! No more 
costly downtime caused by excessive rejects that 
clog assembly lines. .and, no more customer com- 
plaints. Call us early . . at the drawing board stage 

. whenever Fractional Horsepower Gearing is 
involved. Get all the benefits only 35 years of spe- 
cialization can give. 


GET OUR YO 6-PAGE FOLDER 


See where and how we mass-man- vl 
. « 


ufacture Small Gearing to uni- 
Jormly fine tolerances. This at- 
tractively printed 8-4 x 11" 6-page 
folder is punched for ring-binder 
use. You'll want to keep it handy 
Jor frequent reference. It contains 
23 pictures of Small Gears, plant 
views, as well as Diametral and 
Circular Pitch Tables. Ask for 
your copy on company stationery, 
please! 
















Your Headquarters 
CAST CHAIN, STEEL CHAIN, SPROCKETS, 


You design with confidence when you specify from the most popular Chain Belt Company products. For more 
complete Rex and Baldwin Rex line of chains, sprock- information call your nearest Chain Belt Field Sales 
ets, couplings, belt idlers and Shafer bearings. Over 60 Engineer or write to Chain Belt Company, 4655 W. 
years of manufacturing experience assures you top Greenfield Ave., Milwaukee 1, Wis. 


quality in every product. Shown here are a few of the 





BALDWIN REX ROLLER CHAIN—for high speed power transmission 


ond Guinn. BALDWIN REX LEAF CHAIN—for tension linkage applications. 





REX CHABELCO® STEEL CHAIN —for drives and conveyors where REX STEEL DETACHABLE CHAIN—for light drives and conveyors. 


loads are heavy and conditions severe. 





BALDWIN REX DOUBLE-PITCH ROLLER CHAIN—for drive and con- 
veyor service where speeds are slow to moderate. BALDWIN REX BLOCK CHAIN—for tension linkages and light load, 
low speed drives and conveyors. 





REX PINTLE CHAIN—for drives and conveyors where speeds and REX COMBINATION CHAIN—a rugged chain popular for bucket 
loads are moderate. elevator service and for transfer service in pulp and lumber mills. 







ATLANTA « BALTIMORE + BIRMINGHAM «+ BOSTON 
BUFFALO - CHICAGO «+ CINCINNATI « CLEVELAND 
DALLAS * DENVER «+ DETROIT + EL PASO * HOUSTON 
INDIANAPOLIS « JACKSONVILLE « KANSAS CITY 

LOS ANGELES «+ LOUISVILLE 


Distributors in all principal cities 


EXPORT OFFICES 











im) \ 
BALD 


+ 
~— 






WIN REX 
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for the Best... 


ROLLER BEARINGS, COUPLINGS, BELT IDLERS 





ore 
ales 





REX FLEXTOP CHAIN—a flat top conveying chain that flexes in two 


planes. Eliminates transfer points. 


REX CAST SPROCKETS—available in 


Rex Temperim" which increases service 


REX TABLETOP CHAIN —a simple, flat top chain for conveying 
cans, bottles, jars, parts, etc. Only two parts. 


BALDWIN REX CUT TOOTH SPROCKETS— 
precision sprockets for use with Baldwin-Rex 
Roller Chain. 





BALDWIN REX PLATETOP” CHAIN — for conveying cans, bottles, 
jors, small parts, etc. 





life of both chains and sprockets. 
REX FLAT SPRAY NOZZLES—Konife-like sproys of 


water for cleaning, cooling, descaling throughout 
all industry. 








BALDWIN REX FLEXIBLE COUPLINGS—for 
long service life, maximum flexibility, mini- 
mum backlash. 5 designs available. 








d, 
Shafer Roller Bearings—self-align- 
ing, carry the big loads, saving 
money and power. Available in 
pillow blocks, flange units, take-up 
units and five other types 
et < ° 
$s. 
REX BELT IDLERS—a complete line of smooth rolling, long-lived 
idlers for every belt conveying service. 
eeeeeeeeeeeoeeeeeeeeeeeseeeeeeeeeeee 
}eeeee 


seeeee ee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee Chain Belt Company 52-51LIA 
4715 W. Greenfield Ave. i 
Milwaukee 1, Wisconsin 


Gentlemen: 


Please send me your booklets entitled “Unusual Applications 
M PA N Y of Roller Chains Conveyor Chains and Attachments Care 
Highlights of 


and Maintenance of Chain Drives and Conveyors 


OF MILWAUKEE er 


vate MIDLAND, TEXAS * MILWAUKEE + MINNEAPOLIS MeePiiessoteennegersesene 
ed NEW YORK «+ PHILADELPHIA + PITTSBURGH as i 
: a PORTLAND, OREGON + SPRINGFIELD, MASS. ; sees ep 
ST. LOUIS * SALT LAKE CITY + SAN FRANCISCO tddr 
ISVILLE Re oo. <i pices an dp aeeeiunaieia aetbioeal 
- SEATTLE * TULSA * WORCESTER 
| cities in the United States and abroad City and Zone...... io DS és eneedounesas 
FFICES 


4800 W. MITCHELL ST., MILWAUKEE 1, & 19 Rector ST.. NEW YORK CITY 
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Turn um 


Down On These 
C PC ER DRIVE “DEMONS” 


eal OVERLOAD DOWN-TIME 





USE A CENTRIC, THERE’S ONE FOR EVERY NEED. 


THE NEW REVOLUTIONARY CENTRIC 
OVERLOAD TRIG-O-MATIC CLUTCH 
—is a torque limiting safety device which is simple 
and positive in disengagement when a pre-deter- 
mined overload occurs—and when the clutch is reset, 
the machine will resume operation at the exact cycle 


point of release. 










parts. 


4 SUDDEN, SHOCK STARTS 
KS NO ACCELERATION CONTROL 


Important—all these clutches will run in either direction 
—and all are equipped with a micro-switch activating 
pin for automatic power shut-off. 





e Operating Economy 
e Minimum 
Maintenance 


e Efficient 
Production Control 


= 


Flexible Couplings 


od 


Power 


Transmission 
Equipment 





LOVEJOY FLEXIBLE COUPLINGS. 
Provide positive protection 
against vibration, torque, and 
shock of intermittent loads 
Cushions changed without shut 
down. No lubrication required 
Every duty from 1/6 to 2500 hp 


LOVEJOY VARIABLE SPEED 
PULLEYS: Change instantly to 
any speed required—-while ma 
chine is running. Ratios to 3 to 
1. Fractional to 8 hp 


LOVEJOY SELECT-O-SPEED 
TRANSMISSION: Finger-tip con 
trol for instant adjustment over 
wide range of speeds. Hand 
wheel or lever control. Ratios 
to 10 to 1. Fractional to 5 hp. 





Variable Speed Pulleys 
and Transmissions 


a 


Universal Joints 


LOVEJOY UNIVERSAL JOINTS 
Finest alloy steel. Precision 
ground. No binding, backlash 
or pin end play. 13 sizes. Bores 
4 to 2 in. Lengths 2 to 105% in. 


Send for catalog and valuable engineering data 


LOVEJOY FLEXIBLE COUPLING CO. 


4964 W. Lake St., Chicago 44, Illinois 














Ess 





CENTRIC CENTRIFUGAL CLUTCH- 
COUPLINGS AND CLUTCHES 


From Fractional to 2500 h. p. 


—provide smooth cushion starts, accelera- 
tion control and overload protection through 
centrifugal force on internal shoe arrange- 
ments. Starts are gradual without shocks so 
that running loads are accelerated and 
controlled—so that overload protection is 
obtained. 


This Clutch eliminates pre-determined overloads with 
instantaneous trigger action release. It reduces down- 
time in power drives by elimination of shear pins. |s 
ideally suited for speeds as low as one rpm—and 
for higher speeds as well. The clutch is easily adapt- 
able to specific driving arrangements—sprockets, 
pulleys, belts, gears, etc. Permanent protection is 
provided due to the negligible wear of the clutch 


There are Motor Type Clutch-Couplings for 
shoft-to-shaft direct connection, Indirect 
Drive Clutches, Spring Controlled Clutch- 
Couplings for engines and dual drives and 
Vertical Lift-Out Clutch Couplings. 


Tell us your need. We will reply 
with complete information and prices. 


CENTRIC CLUTCH 


. © 6 2. 2 


Y ROUTE 9, WOODBRIDGE, NEW JERSEY 













UNIVERSAL 
JOINTS 


. 


sf 


aor >be algaaa SAVINGS GUARANTEED 
or with 


by more than 50 Years 


of Joint - making ‘’Know 
How”. 

round bore 
Send your blueprint. Quota 


tions and detailed catalog will 


be promptly furnished. 


square hole 





Makers of 


7 4 Atlas and Vulcan Universal Joints 
Since 1900 
GRAY & PRIOR MACHINE COMPANY 
623 WINDSOR ST., HARTFORD 5, CONN. 
In the West: Link Belt Co., Los Angeles, San Francisco 
Portland, Seattle, Oakland, Spokane 


shoulder 
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V N ( 0 helped take m “gis” out 


of involute spline manufacturing and 
gaging for INTERNATIONAL HARVESTER 














i ———— 
Mr. Leon N. DeVos 
Vinco Corporation 

‘h 911] Schaefer Highway 

e- Detroit 28, Michigan 

$O 

id 4 WV 

is Dear Mr. DeVos: 

or Since early 1950 you and other members of the Vinco Corporation 

. have been working closely with representatives of our Company in 

1d solving the many complex problems involved in the design, manufacture, 
and inspection of involute splines. During that time you and your 

" associates have been extremely helpful to us in taking the "guess" 


out of involute spline manufacturing and gaging. 


Because such conferences with you have been so productive, meetings 
EY of this kind are now a "must" in our farm tractor manufacturing 
operations. Subsequent discussions have been most helpful in 
establishing designs and gages for our transmission shafts and gears. 


We wish to take this opportunity to thank the Vinco Corporation for 
the fine cooperation it has extended to our Company. This is just 
another example of how companies such as International Harvester and 
its suppliers can, by working together, produce better products for 
a better America. 





a en BH 
Sincerely, 


Giada UW tfran 


Eric A. Wolfram 





VINCO CAN DO THE SAME FOR YOU 


So if your next production program involves 
splines, call in a Vinco field engineer. He will save 
you both time and money. 


VINCO CORPORATION 
9111 Schaefer Hwy., Dept. H, Detroit 28, Mich. 





VINCO, the country’s largest 
spline gage manufacturer, produces 
all types of involute, serration and 
straight sided spline plug and ring 
gages. 








THE TRADEMARK OF DEPENDABILITY 
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ACME Chains 


are custom made for This 
Strength and Durability 


The ACME chain line includes all American standard sizes of ma- HANDBOOK 


chine finished steel roller chain with standard attachments for these 
chains; the heavy series of standard pitch chains; the extended pitch 


series of chain and attachments for same. ACME also builds special Su lements 
attachments that may be required for special purposes in various 


lines of industry and for the conveying and elevating of materials; 
also a line of cable or leaf chains. 





STANDARD 
MULTIPLE 






STANDARD 
ROLLER 
CHAINS 







This edition of the HAND 
Keclisbte tn’ standard BOOK of Product Design 


pitches. Multiple widths 
of six strand or wider 


available for special epplicaton adds to the constantly useful 






CABLE library of design engineering 


CHAINS 





Bilt to meet American 
Standards Specifications 
Available in pitches from 4%” to 2'2"' riveted 
and detachable type. Also extra heavy series 


data begun with the publica- 
tion of the HANDBOOK last 





year. 












DOUBLE Acme Cable Chains ar 
furnished in a variety 
of pitches, widths and 
Strength to meet a 
large range of requirs 
ments and applications 


New editions will not re- 
place previous ones, but will 
supplement them by bringing 


For use in slower your fund of design engineer- 
speed power trans 
mission and material handling con 
veyors. Single tooth form and dou 
ble tooth form sprockets availabl 


ing data right up to date. 


SPROCKETS 


Acme Sprockets are avail 
able in G wide range of 
sizes, in all types shown ‘ 
here; steel plate, standard So keep your last years 
single hub, double ~~ 
steel plate bolted to hu . ° 
Special types furnished on HANDBOOK along with this 
order 


SERVICE IS THE KEYNOTE 
OF ACME SUCCESS 


Write or phone Holyoke 2-9458 
new issue. You'll continue to 





find it regularly helpful in 
your work. And next Novem- 
ber, you will receive the third 
Annual HANDBOOK of Prod- 


uct Design. 


W rite Dept. 1HB 
for new illustrated 
76 page catalog on 





use and application lel m@acl a: 
of roller chains and MASSACHUSETTS 
sproc kets. . 
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because designers... 
machinery builders... 
dealers and users 
learned they could 





POWER TRANSMISSION PROBLEMS FOR SURE 


WITH BLOOD BROTHERS UNIVERSAL JOINTS 





FOR AGRICULTURAL AND CONSTRUCTION MACHINERY 


Maximum Torque 


Inch Pounds 
K Series Cont. Hand 
K2R Series Load Oper. 
K-1-C 350 2,000 
K-2-A 350 5,000 
LGS Series | > 
LGN Series i $00 2,000 





Recommended Torque 
Rating, Inch Pounds 


Needle 

Bearings 
L10S Series 650 Opt. 
1FR Series 1,080 ” 
L14S Series 1,230 ss 
3DR Series 1,800 4 
L16S Series 2,200 ° 
L14N Series 4,500 " 
35N Series 10,000 = 





| 


FOR TRUCKS AND BUSES 


Recommended Torque 
Rating, Inch Pounds 
N Series 
Balanced for 
3600 
R.P.M. 
Max. 


45N 
5N 
50N 
ON 
6ON 
7N 
70N 
75N 


14,000 
20,000 
20,000 
38,000 
38,000 
57.000 
57,000 
70,000 ” 





FOR MARINE AND 
INDUSTRIAL EQUIPMENT 


Maximum Torque 


Inch Pounds 
BW Series Cont. Momentary 
load Lood 
BW-12 1,020 4,450 
BW-1 1,695 7,500 
BW-2 3,350 11,72¢ 
BW-3 4,450 16,806 
BW-4 5,080 22,900 
BW-5 8,640 34,200 
BW-G6 11,620 60,000 
BW-7 28,600 150,000 
BW-9 89,300 500,000 





When you need universal joints 


or propeller shafts, write or phone— 


BLOOD BROTHERS machine division 


UNIVERSAL JOINTS 
AND DRIVE LINE ASSEMBLIES 


Product Engineering 


1954 Annual Handbook 


Rockwell Spring and Axle Company 
ALLEGAN, MICHIGAN 


Eso 













IMMEDIATE DELIVERY! 


POWER 
TRANSMISSION 
EQUIPMENT 





















FUNK GEAR 

REDUCTION 

POWER 

TAKE-OFS 

Three models; a", 434" More and more manufacturers are saving 
od coon come | Savelp le teres ee 
For 50, 75 and 90 H.P. applications, single stampings can be 


engines with S.A.E. fly- laminated and indexed to produce wider 


‘ ‘ faces, at — - up to 60%! Greater skill 
wheel housings. Wide and accuracy in tooling, stamping and 
; ; f ssaderd assembling assures smoother, quieter 
selection 0 s operation. Avoid assembly headaches, 


ratios. delays, downtime, waste. Get the uniform 


quality only WINZELER Stamped Gears 
Caf LOSTS =" 


WRITE FOR FREE folder describing 
our facilities, assemblies, and various 
Stamped Gears. Includes data and 
tables. Samples, ideas, quotations, 
for the asking. 


WINZELER MANUFACTURING & TOOL CO. 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 


FUNK’S EXCLUSIVE 
STRADDLE MOUNTED 
PINION 


A new exclusive development in the 
gear reduction field. Both ends of 
pinion supported by tapered anti- 
friction bearings, and lubricated 
floating spline joins input shaft and 
pinion Eliminates misalignment 
from improper installation or load 
deflection. Increases life of all parts. 









FUNK POWER 
} 
TAKE-OFF CLUTCHES 


Three models of over-center clutches for 
all engines with S.A.E. flywheel housings. 
Recommended for engines of 50, 75 and 
90 H.P. Standard models include heavy- | 
wll «duty types. 








EFFICIENT 


—transmit power smoothly and economically 


FUNK Torque Converters 





Torque converters with a capacity rating up to 200 foot- DURABLE 

. ‘ . — | —long service-life expectancy 
pounds input. Available also for use with Transmissions & | 
Power Take Offs. COMPACT 





—— — conserve space 


SELF-LUBRICATING 


—less maintenance 










SPECIAL RATIOS IN 
SMALL QUANTITIES 


The design of Funk Equipment and our production facili- 
ties enable us to furnish special gear ratios and special 
adaptations of standard units in small quantities. 





. r 
educets © 


They are * 
nati 
comb! . 
and rea from } 


o 1 


peed R 
st dust- 


ABART § 
seale’ d ag 


sizes '™ spur; 


singit 
wns. NB 


TN, 
wort re ra 


, 10, 900 t 





auc tu om unt 


50 = 
a 
-_- 
— 
— 
—_— 
-— 


id yuble f 


am 


peo 
to 168 HP-> 
t 


WRITE FOR CATALOG —™ 


—_ 
7 
AND PRICES our free poersit ; “* nate 
»dc for Veontaini ning ms toe ioeducets A . 
c 2 abort Pe emotors 1 
Gear Reduction FU ® K Al RCRA FT co ° ail - | 
Power Take-Ofts . - . 
Power Take-Off Clutches ] R £ M q CH N i C 0 


Ford Tractor 3313 AIRPORT DRIVE 
Senteaten COFFEYVILLE, KANSAS 4824 WEST 16th STREET © CHICAGO 50, ILLINOIS 


Conversion Kits 
Mfrs. of Gears, Speed Reducers and Gearmotors 
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it’s a 
WICHITA 


LOW INERTIA 


Air-Tube CLUTCH 
































For smoother, faster, more consistent and 
trouble-free operation, this Johnson 90-ton 
OBI press was equipped with a Strong Heart 

The WICHITA Low Inertia Air-Tube CLUTCH. 
This clutch is compact, powerful, and BUILT 
FOR YEARS OF SERVICE. Make your machin- 
ery more efficient with increased performance 
and production by changing to Wichita Low 
Inertia Air-Tube Clutches... NOW! 


Additional Advaxtages 
SAFER OPERATION 

COOLER RUNNING 

MINIMUM SLIPPAGE 

NO LUBRICATION 

NO ADJUSTMENTS 


NO BACKLASH 


BUILT IN STANDARD & 


LOW INERTIA TYPES 
(ALL POSITIVELY VENTILATED) 





+ + + + + HH 


FOR COMPLETE INFORMATION, CALL 
THE WICHITA ENGINEER NEAREST YOU 





WICHITA DISTRIBUTORS 
Brehm-Lahner, Inc., Detroit, Michigon Smith-Keser & Co., Philedelphic 44, Po 
L. H. Fremont, Cincinnati, Ohio Smith-Keser & Co.. New York, N. Y. 
Ww. G. Kerr Company, Pittsburg, Pe. Frank W. Yarline Co., Chicago, til. 
Smith-Keser & Co. (Main Office) West Hartford, Conn. Power Rig & Equipment Co., Inc., Long Beach, Calif. 


Robert ®. King Co., Cleveland, Ohio 





*K . FLEXIBLE COUPLINGS 
Dyna-Line Kb FIT YOUR DRIVE! 


1/15 to 1'2 
Horsepower 


» 

—— 
Min. Length 
1" to 2%" 











» 
a 


Lengths to Your 
Drive Design 
Needs 





a 


i i 
i ibiieiins 


$4 23 $2 $1 20 700 





» 
4 


SPECIFY Guardian FOR BEST PERFORMANCE OF YOUR EQUIPMENT 


“Exclusive Guardian Dyna-Line construction Nylon spline member. Ask about Guardian's NEW 


JAW-TYPE* coupling with Nylon member 
produces a superior one-piece flexible power upling ylon + 


connector by joining the three components "Patent Pending 


into one unit while they are spinning and Guardian Dyna-Line Couplings are available in 

**SUPER-CONSTRUCTION"™ in the =3 and 24 
held in dynamic alignment : 
series which apply a quality factor of 2.0 to 


In these couplings, the length “of Flex the H.P. ratings of these two series 


Element specified enters the function of Write for C-102 Catalog Page, also Drive Data 


needed adjustment to misalignment, or of Form 353 ter coupling secemmendotions 


added torsional damping. Exceptional lateral f; 
flexibility with minimum stresses imposed GW 


and torsional stability retained are controlled PRODUCTS CORP 

design features 
COUPLING DIVISION 

Exclusive manufacturers of Guardian Splined Sleeve 

Couplings—standard for years in the Oi! Burner Dept. IC-P, 1215 E. Second Street 

Industry, NOW AVAILABLE with !ong-wearing Michigan City, Indiana 





How do you like the 
HANDBOOK ? 


Our editors would like to know what you think of the HAND- 
BOOK of Product Design. It’s purpose is to bring you all the 
preceding year’s design-engineering developments of major sig- 
nificance, culled from leading technical publications here and 


abroad 


The HANDBOOK is a working reference book, which you will 
keep handy and use frequently in your work. Each year, another 
valuable HANDBOOK will be added to your library. coming as 
an added bonus to your regular Product Engineering subscrip- 
tion. Your response to the first annual HANDBOOK last year 
surpassed our most optimistic hopes. We hope and believe you 
will find this vear’s editién even more informative and lastingly 


useful. 


After you've had time to read and evaluate this HANDLUWOK, 
please give us your impressions, as well as any suggestions you 
may wish to make to help make this annual service more and 


more helpful. Write: Fditor, 


HANDBOOK, Product Engineering 


McGraw-Hill Building, New York 36, N. Y. 














Catalogs 
and 
Bulletins 





Request additional information using 
postcards following page 24 


(Q-1) POWER TRANSMISSION 
MACHINERY—Dodge Mfg. Corp 
Catalog D-49, 256 pp. Covers: bear 
ings; take-ups and hangers; V-belt 
drives; steel pulleys; speed reducers 
friction clutches, couplings, and collars; 
vises and other engineering data. Has 
cutaway views of many parts, and 
charts giving complete specifications 
for all parts 


(Q-2) ROLLER CHAIN AND 
SPROCKET WHEELS — Link Belt 

»., Catalog 2457, 150 pp. Discusses 
stock drives, drive chains, and con 
veyor chains, sprocket wheels and 
chain tighteners, and under each gives 
the selection, drive groups, engineer 
ing, ratings, specifications, and other 


details Also has sectio 1 installa 
tion and maintenance hain casings 
lubrication and balance chains. Con 
tains many illustrations, engineering 
and line diagrams, p! fication 


hart and curves 


(Q-3) SCREW CONVEYORS AND 
FEEDERS — Link Belt Co., Catalog 
2289, 92 pp. Conveyors for light 
heavy, fine, coarse, granular, flaky, and 
free-flowing materials. Has detailed 
engineering information with slection 
tables and hp formulae, layouts and 
arrangements, and dimensional data to 
permit selection for many ty of ap 
plications 


Q-4) GEAR REDUCERS D. O 


James Gear Mfg. Co. Catalog 47-B, 88 
pp Aids for selecting the proper gear 
reducer for specific power transmission 
problems. Divided into: (1) motorized 
gear speed re ducers, a combination of 
motor and reducer ) motor reducers 
assembled on base plate with a coup 
ling; (3) gear 5 ed reducers. In 3° 
sizes in rangers irom >% t hp wit! 
ratios of 1.2:1 


(Q-5) GEAR SPEED REDUCERS 
D. O. James Gear Mfg. Co, Catalog 


{7-B, 84 pp. Has guide for determining 
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For Your Product Planning... 
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The V-Drive Engineering Data section of this large, interesting illustrations, complete tables 
44-page manual gives you the facts and figures and easily readable type, it tells the full stor, 
you need to engineer your V-Drives. Its instruc about Maurey Flexible Couplings, Interchange 
tions and tables enable you to quickly, accurately able Bushings, Hi-Q V-Pulleys, Mor Grip 
pre-determine the pulleys and belts that are V-Belts and V-Drive Accessories. Your copy 
right for your V-Drive requirements. will be sent without charge on request. Write us 

In addition, it gives you usable, practical on your company letterhead and tell us how 
information on Maurey V-Drive equipment in many copies you need for yourself and others i: 
the range of fractional to 10 horsepower. With your department 


2915 South Wabnsh Avenue, Chicago 16, Illinois 
World's Largest Manutacturer of FHP Cast Iron and Pressed Steel V-Pulleys .. . serving industry since 1917 
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Dings Magnetic Brakes have no solenoids, 
Mechanical linkages to wear or adjust... 


SET OR RELEASE with Dings Brakes is virtually instantaneous 
movement of the braking assembly is measured in thousandths of 
an inch. Direct spring action sets the brakes. Magnetic pull releases 
them. 


Speed isn't the only advantage of Dings direct control design. 
Wearing parts have been reduced in number, Less maintenance is 
required and space is saved. 


| LOOK AT THESE OTHER DINGS BRAKES FEATURES | 





® Easy Installations—no need to dis- 
mantle brake. 


® High Thermal Ratings—longer life 
with more stops per minute. 


@ Manual Release—handy lever serves 
as wear indicator, resets itself. 


® Easy Adjustment for Torque and 
Wear—just a twist of a wrench on 
the adjusting nuts. 


Send for Catalog 


on Integral and 
/ db Fractional Horse- 
. may power brakes 
4) Gi ae 
DINGS BRAKES, INC. 
(Subsidiary of: Dings Magnetic Separator Co.) 
4715 W. Electric Ave., Milwaukee 46, Wis. 
PLEASE SEND ME BULLETIN B-4000-B. 
Name Title 
Firm 
Address 
City Zone____ State 














character of load and service factors in 
selecting motorized reducers and gear 
speed reducers. Has sectional views, 
tables, or types of motors, drives, 
speeds, overhung loads, thrust loads, 
dimensions and weights, mounting 
positions, and rating tables 


(Q-6) FLEXIBLE COUPLINGS 
Thomas Flexible Coupling Co., Cata 
log 51, 78 pp. Describes a full line 
of all metal flexible couplings for 
power transmission. Sections are divid 
ed into: light load couplings; couplings 
for motor and turbine drives; couplings 
for engine and motor drives; single 
type couplings for angular misalign 
nent; floating shaft coupling; and spe 
cial couplings Covers wide range of 
horsepower and speed 


(Q-7) FLEXIBLE SHAFTING 

F. W. Stewart Mfg. Corp., Catalog, 64 
pp. Has over 400 illustrations of the 
types of end fittings, casings, adapters 
and shaft combinations applying to a 
variety of standard sizes available, and 
problems on remote control 


(Q-8) CHAINS AND STOCK 
SPROCKETS Diamond Chain Co 
Inc., Catalog 709, 54 pp. Gives points 
on how to select a stock roller chain 
drive. Gives speed ratios for combina 
tions; installation and _ lubrication 
recommendations. Has many tables, hp 
ratings, illustrations and complete spe 
cifications for all types and sizes of 
chains and sprockets 


(Q-9) DETACHABLE CHAINS 
Chain Belt Co., Handbook, 46 pp 
Plain chain and attachments are illus 
trated and described, including tables 
giving dimensions, weight, strength 
and lengths. Chain drive and con 
veyor applications are illustrated. Also 
covers chain theory, travel, recommen 
dations for drives and conveyors, and 
discusses correct sprocket theory and 
design 


(Q-10) V-DRIVES Maurey Mfg 
Co., Cataleg, 44 pp. Information on 
fractional horsepower V-drives and 
drive parts and accessories. In_ the 
range of fractional to 10 hp., it lists 
a line of bushed type and fixed bore 
type cast iron, and pressed steel \ 
pulleys, V-belts, refrigeration fans, and 
fan pulleys, and V-drive accessories 
An Engineering Data Section gives 
general information in selecting the 
proper drive for particular require 


ments 


(Q-11) INDUSTRIAL V-BELTS 

Durkee-Atwood Co., Catalog D-161 
10 pp. Some illustrations, and com 
plete specifications on multiple and 
general duty belts. Gives: calculations, 
comparison charts, correction factors, 
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Farrel-Sykes herringbone 
gears are available in any 
size from 4 inch to 20 feet 
diameter, 4 to 60 inch face, 
24 DP to 0.75 DP 





FARREL WILL MAKE EXACTLY 
THE GEAR OR SPEED REDUCER 
YOU REQUIRE- 


Of importance to you is Farrel’s ability to solve your gear or 
speed reducer problems. 

Your requirements alone determine the eventual specifica- 
tions. There is never any need for compromise. 

Farrel-Sykes herringbone gears are made for any power 
capacity and any speed. Their quiet, vibration-free perfor- 
mance and long lite result from extreme accuracy of tooth 
spacing, profile and helix angle, and other qualities inherent 
in the Farrel-Sykes method of gear generation. Precision 
manufacture and the use of highest grade materials also con- 
tribute to long gear life. 

Farrel speed reducers are available in a wide range of ratios 
and capacities. Designs include single, double and multiple 
reduction units, right angle drives and drives to meet special 
requirements. All are unusually adaptable. Gears and pinions 
can be proportioned to meet specific load, speed and service 
requirements. Input and output shafts can be varied in size, 
in material, and in extension. Even some housing dimensions 
can be modified. 

Farrel engineers will be glad to assist you in working out 
your gear or speed reducer problems. 





FARREL-BIRMINGHAM COMPANY, INC., ANSONIA, CONN. 


Plants: Ansonia and Derby, Conn., Buffalo, N. Y 
Sales Offices: Ansonia, Buffalo, New York, Boston, Akron, FB-867 
Detroit, Chicago, Memphis, Minneapolis, Portland (Oregon), 
Los Angeles, Salt Lake City, Tulsa, Houston, New Orleans 
7 


' \ 
‘ 8 
‘ 4 4 
— 
Standard double reduction un Vomnin”g. 





; 
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many manufacturers 
like to WORK WITH 


HERE ARE A NUMBER OF GOOD EXAMPLES to 
prove that it pays to work with Clark Equipment: a family 
of major automotive units of long and enviable reputation 
—including special transmission-axle drive units developed 
by manufacturers’ engineers and Clark engineers for agri- 
cultural, heavy-duty highway and off-highway vehicles. 


In this close cooperation with leading manufacturers, Clark 
relies mainly on its own unique experience gained from a 
half century of useful service to the Automotive Industry— 
an experience embracing practically the entire field of auto- 
motive power transmission. The results were exactly as 
could be expected: well-built units of sound design—in 
some instances revolutionary; with the necessary stamina 
to deliver long, efficient performance. 


In your own product design—new unit or an old one to 
be modernized—you, too, may find it highly beneficial to 
work with Clark. There’s no cost nor obligation in finding 
out—just write to 


CLARK EQUIPMENT COMPANY 


Buchanan, Michigan 








| Write for this 
new 36 page book 
illustrating and 
describing the 
products and 
facilities of CLARK 


GOOD REASONS ... why 


CLARK 


EQUIPMENT 
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A Engineers don't buy gears from us because they 
° like the way we part our hair. They check the 
_ : 

‘£ facts, make up their own minds. 

c 


Some of them, we are beginning to believe, 
know even more about the advantages of 
Cone-Drive gears and reducers than we do. 








< 


As part of a field study, we asked a number 
of them why they adopted Cone-Drives. The 
tables show what they told us. 


We were not surprised at the frequency with 
which ‘lower cost, ‘space saving’ and ‘more 
capacity’ showed up. After all, in standard Cone- 
Drives you automatically get more load capacity 
in a smaller, lower cost ‘package’. But some of 
the other reasons checked by users are quite 
thought provoking. 


Worth looking into? We'll be glad to send you 
any technical data we have. Just drop us a line. 





And now... 


ANOTHER 
Cone-Drive 
ADVANTAGE! 


Replacements from 
stock on all stand- 
ard gear sets, 
mountings and re- 
ducers if you 
should ever need 


them. 


ask for 


v 





v 





For Executives Why Cone-Drive” 
Standard Gear sets #700 
Standard Reducers #8901-50 
‘ Standard Couplings CDC-52 
L e >— Cone-Drive in Machine Tools #632 
Cone-Drive in Materials 
fA Handling 742 
6 Ways to Cut Cost 789-50 
Applic ations Reference Sheet by type ol 
— application 
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Standa'd CONE-DRIVE GEARS 





Cone-Drive gears and reducers derive their ad- 
vantages primarily from the fact that the gears 
and worms are double-enveloping. This means 
greater contact per tooth, more teeth in contact, 
better load distribution, increased capacity, longer 
life, lighter weight, smoother operation, higher 
safety factor, ability to resist shock loads, freedom 
from service trouble—and /Jower overall cost. 
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EVERY 





TYPE OF 
CUT GEAR 





— 
CRM es 


FOR EVERY 





CONTINUOUS-TOOTH 
HERRINGBONE GEAR 
1” to 60” diameter, 16% DP 
to 14DP and up to 20” face. 


a | 





a 


WORM GEAR 
1” to 58” diameter, 
from 24 DP to 1 DP. 


ee a | 








\ 
SPUR GEARS 
From % to 150” diam- 
eter, 32 DP to % DP and 


PURPOSE @ 


SINCE 1888... We have been 
making many types and sizes of 
gears for industry. During these 
passing years we have derived 
considerable experience, trained 
numerous personnel, and expand- 
ed our mechanical and plant facil- 
ities—and have remained under 
one continuous management. 
We are ready to ably serve you. 





1888 


up to 30° face. 





HELICAL GEARS 
From 1” to 72” diameter, 
24 DP to 1% DP and 
up to 20” face. 





D.0. JAMES GEAR MANUFACTURING CO. 
1140 W. Monroe Street, Chicago 7, Ill. 


Eso 


ae 


hg es 
‘ewe, 


ESTABLISHED 








BEVEL GEARS 
(Straight Tooth 


From 1” to 60” diameter, 
24 DP to % DP. 





SPIRAL BEVEL GEARS 


From 1” to 30” diameter, 
24 DP to 1% DP. 





design information, drive tables, for- 
mulas, and other engineering informa- 
tion 


(Q-12) LEATHER BELTING—Gra- 
ton & Knight Co., Catalog 101, 40 pp. 
Has helpful information on how to 
choose the proper belt for various con- 
ditions. Tables show horsepower rat 
ings, belt speeds, specifications of con 
trolled tension bases, plus formulas 


(Q-13) HERRINGBONE GEAR 
DRIVES—Link Belt Co., Bulletin 
2519, 36 pp. Detailed information 
about single, double, and triple reduc- 
tion enclosed herringbone gear drives 
in service. Horsepower ratings for in- 
put speed of 720 to 1750 rpm are given 
for all drive sizes, plus complete in- 
structions for correct selection. Lists 
39 sizes of drives in 534 standard ratios 
from 2.84:1 to 326:1 


(Q-14) RIGHT ANGLE SPEED RI 

DUCERS—Western Gear Works, Bul 
letin 5023, 35 pp. Has complete speci 
fications on a line of: horizontal single 
reduction; vertical single reduction 
horizontal double reduction; vertical! 
double reduction; and horizontal and 
vertical triple reduction. Gives over 
hung load and thrust capacities; service 
factors; and installations and lubrica 
tion information 


(Q-15) COUPLING OR CONVER1 

ER—Twin Disc Clutch Co., Booklet 
32 pp. Explains where couplings and 
torque converters should be used, and 
why. Illustration and text explains why 
a hydraulic coupling transmits only in 
put torque, and a hydraulic torque con 
verter multiplies torque. Has advant 

ages of each type drive as applied to 
all types of industrial machinery 


(Q-16) CHAIN DRIVES & CON 
VEYORS—Chain Belt Co., Bulletin 
51-7, 32 pp. Called, ‘Installation, 
Operation, and Maintenance of Chain 
Drives and Conveyors,” it gives help- 
ful hints, aided by many illustrations 
and drawings, in the care of chain 
drives and conveyors. Covered is: in- 
stallation and operation; care of 
sprockets, lubrication; inspection and 
storage; adjustment and repair 


(Q-17) UNIVERSAL JOINTS—The 
Apex Machine and Tool Co., Catalog 

4 pp. Covering a complete line 
of universal joints for aircraft and in- 
dustrial application, data sheets, Spe- 
cifications and other information 
Models described are: heavy-duty and 
light-duty aircraft joints; heavy-duty 
industrial, and quick-change universal 


omtes 


(Q-18) CHANGE SPEED UNIT 
Philadelphia Gear Works, Inc., Bul 
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ESTABLISHED 1888 


Available in either 
Horizontal or Vertical Drive 


Continuous-tooth Herringbone 


Type ‘H'’ Worm Gear Straight Line Gear Reducer 


Motor Reducer » ; 


Motorized Worm Gear 

























Single, Double, Triple Reduction Motorized Reducers 



















Double Worm Gear — a Packaged Unit 


D.O.James Gear Manufacturing Co. is constantly developing and con- 
tinuing to improve its variety of gear speed reducers — enabling engi- 
neers and designers of power-saving equipment to meet and cope with 


space limitations, horsepower requirements, ratios, location of driven 
Right Angle Gear Reducer P : P . 


v 


or driving shafts and the type of drive that the many and varied instal- 
lations require. Catalogs are available containing complete informative 
engineering data that will assist in the selection of the type of reducer 
for the specific job to be done. 


D.O.JAMES GEAR MANUFACTURING CO. 


Since 1888—Makers of Cut Gears, Gear Reducers and Flexible Couplings 


Spiral Bevel Gear 1140 W. MONROE STREET « CHICAGO, U.S. A. 
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Precision-cut gear racks 
and gear products made 
on the latest, most 
modern equipment to 
most exacting speci- 
fications... 





Plus 


the highly special- 
ized knowledge of 
our engineering staff 
to assist in every 
phase of power trans- 
mission and _instru- 


ment application. 


WORCESTER 


PRECISION 
PRODUCTION 
EQUIPMENT 


2CESTER gear works, inc. 


24 GRAFTON ST. (Phone 5-3109) WORCESTER 4, MASS. 


letin CSU-52, 24 pp. With many il 
lustrations, cross-section views, and en 
gineering diagrams, it contains com 
plete specifications of all the change 
speed units. Points covered arc pro 
cedure for selecting unit: table of load 
characteristics, service factors; dimen 
sions of units; hp ratings; overhung 
load capacity; parts lists; and special 
arrangements of units 


(Q-19) SPEED REDUCERS Dodge 
Mtg. Corp., Bulletin A-614-A, 20 pp 
Engineering information and selection 
data on the complete line of torque 
arm speed reducers, and the overload 
release, designed for use with the re 
ducer. Capacity range increased to 43 
hp with a speed range from 12 to 300 
rpm Shows cross section vicws and 
engineering and installation data 


Q-20) FLOATING DISK 
CLUTCHES The Carlyle Johnson 
Machine Co., Catalog, 20 pp. Contains 
information, photos and diagrams cov 
ering cight sizes of standard Maxitor« 
clutches with capacities from 14 to 15 
hp at 100 rpm. Also discusses an auto 
matic overload release clutch in six 
sizes and pulley type, cut-off coupling 
ind ring type driving cups, togethe: 
with complete specifications. Contains 


ngineering drawings 


(Q-21) ELECTRIC CLUTCHES 
Warner Electric Brake & Clutch Co 
Bulletin 6089, 20 pp. Has illustrations 
and descriptive data on the construc 
tion and operation of electric clutches 
und clutch-couplings. Has speed-torque 
and speed-heat charts along with form 
ulas to help in selection of the right 
clutch. Also has engineering drawings 
and specifications of all models 


(Q-22) SPEED REDUCTION DRIVI 
American Pulley Co., Catalog 50 
MZ, 20 pp. Illustrates and describes the 
Shaft-King shaft mounted speed-reduc 
tion units adaptable to any shaft si: 
up through 3-15/16 inches. Has di 
mensions of units, where they are us 
and how installed, including instru 
tions on how to select the correct s 


unit for a given application 


(Q-23) HELICAL GEAR DRIVES 
Foote Bros. Manual MPB, 18 pp. D 
ibes a line of enclosed helical 
drives in single, double and triple 
duction types Forty-two sizes avatlabl 
with standard ratios ranging from 2.08 
to 1, up to 360 to 1, and capacit 
ranging up to 1,550 hp. Contains sp 
fications for each model and enginec: 
ng diagrams of the various styles 


standard assembly diagrams 


Q-24) WATER-COOLED COUP 
LINGS Dynamatic Corp., Bulleti: 
WC-1, 16 pp. Gives complete details 
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HOT COILED SPRINGS 


Stock diameters from %¢" to 244"; lengths, from 
1” up to 60"; capacities, small up to 85,000 
pounds. All ASF springs are completely heat 
treated and tempered, and can be shot-peened 
to prevent development of fatigue cracks 





LEVEL-LOAD AXLES 


A completely new principle of axle design that 
means a new ride for all types of towed equip- 
ment. Both springs work together and share 
the load equally. Prevent tipping, tilting or 
swaying of towed equipment, such as compres 


sors, generators, etc and insure a safer ride! 


To the engineer responsible for 


Way MW ) 





PINS, HEAVY BOLTS 
and BUSHINGS 


ASF has specialized facilities for producing pins 
of practically any size, alloy, shape or degree 
of finish you require, including the latest equip 

ment for induction hardening. Also completely 
equipped for producing bushings, from 1” 1.D 
up to 4” O.D., and heavy bolts, upset, heat 

treated and machined 





UPSET and DROP FORGINGS 


ASF can furnish you forgings that are heat 
treated “rough” or precision-machined .. . 
as separate parts or as assemblies. Rarely do 
you find a forging producer with such a diversi 
fied service to offer. 


design and development .. . 


These ASF products can make 
your job easier! 


If you’re looking for a supplier who can accept 
responsibility ... who can show initiative on 
problems of “‘Engineering in Steel’... it will 
pay you to investigate American Steel Foundries. 
We offer manufacturers a complete service on 
springs, pins, heavy bolts, bushings and forgings 

as well as the revolutionary new “‘Level-Load”’ 
axle for trailers and industrial towed equipment. 


By “service’’ we mean the often-demonstrated 
ability to work for or with product designers in 
solving application problems... and the facili- 
ties to furnish these products in small or large 
quantities, completely machined and ready for 
your production lines. If your problem involves 
any of the products shown above, write us today. 
Our experience can be of help to you! 


AMERICAN STEEL FOUNDRIES 


410 N. Michigan Avenue, Chicago 11, Illinois 
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The maintenance of Colt’s 117-year reputation 
for top-line products places a heavy responsibil- 
ity on our engineers. Product Engineering serves 
as a continuing source of up-to-the-minute 
technical ideas which aid greatly in meet- 
ing the demands of our production problems 


J. M. McNally 
Vice President — Chief Engineer 
COLT'’S MANUFACTURING CO, 


THE MEN WHO DESIGN 
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He leads design at Colt’s 


HE READS PRODUCT ENGINEERING 


Preference for it...by design-engineering leaders 
everywhere in industry... makes Product Engineering 
your basic medium in the Original Equipment Market 





When you advertise to the $26-billion Original Equipment Market in Product 
Engineering, abundant evidence is available to prove the soundness of your 
choice. 


This is the magazine over 24,000 management-concentrated design engi- 
neers now subscribe to, and pay to read. Product Engineering is the only design 
publication which can offer you the basic proof of reader interest inherent 
in an all-paid circulation. 





This is also the design magazine in which over 800 value-conscious adver- 
tisers invest far more pages and dollars than are entrusted to any other maga- 
zine edited for industry’s top buyers of parts, materials, components, and 
finishes. 


By every measure of advertising value, Product Engineering is the leader 
among design publications. And if you want to reaffirm how much this can 
mean in making your products the leader in their field, call or write our nearest 
representative, Of all buying groups in industry today, product-design engi- 
neers are the most active and important. Isn't it good to know, then, that one 
of America’s really great industrial magazines is edited for them , . . and ready 
to sell for you? 





The McGraw-Hill Magazine of Design Engineering 
McGraw-Hill Building, New York 36 


DISTRICT OFFICES: Atlanta 3 * Boston 16 * Chicago 13 
Cincinnati 8 * Cleveland 15 * Dallas 1 * Detroit 26 
Los Angeles 17 * New York 36 * Philadelphia 3 
Pittsburgh 22 * San Francisco 4 


ABD 


N AMERICA’S NEW PRODUCTS READ PRODUCT ENGINEERING 
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@ Provide smooth, positive pickup 
@ Adapt to 1-5 hp. gas engines 
@ Reduce belt slippage and wear 
@ Automatically tighten belt 


V-PLEX Automatic Transmission Clutches 
furnish load - free idling and no - load 
starting. Standard equipment on over 
20 makes of lawnmowers, power saws 
gorden tractors, elevators, and other 
units. Available in %”", %”°, %” and 
1” shoft sizes. V-Plex improves and sim- 
plifies operation at amazing low cost! 

As the throttle is opened, centrifugal 
force moves governors to grip and move 
the belt gradually into high gear. Re- 
duced engine speeds shift V-Plex back 
into low or idling positions 


Idling low High 


f 
ry 





— ——— oe 


CLUTCH DIVISION 
Hagerstown, Indiana 








on water-cooled couplings for adjust 
able speed drives from a-c. Has basic 
principles of eddy-current couplings, 
characteristics of the coupling, applica 
tion, and construction details. Has 
curves, specifications and many illustra 
trons 


(Q-25) CONVEYING EQUIPMENT 

Link Belt Co., Booklet 2392, 16 pp 
Discussed are: screw conveyors, belt 
conveyors, bucket elevators, oscillating 
conveyors, car spotters and pullers 
grain car unloaders, power scoops 
dryers and coolers, vibrating screens 
dryers, bearings and transmission ma 


chinery, and chains and sprockets, with 
any illustrations of each 


(Q-26) HELICAL GEAR DRIVES 
Link Belt Co., Booklet 2451, 16 pp 
Advantages, fields of applic ition, and 


orrect selection are discussed. Full 


page cross-sectional views show design 


and construction features both doubl 


ind tri 


ple re duction type s. Load classes 
7( 


for 170 types of machines are given 
and tables give maximum overhung 


loads for drives of various sizes 


(Q-27) FLEXIBLE GEAR COUP 
LINGS—Sier-Bath & Pump Co., In 

Catalog C4, 16 pp. Has large exploded 
and cutaway view of a easily assembled 
flexible gear coupling in load capacities 
from 4 to 600 hp per 100 rpm. Has 


by standardizing on 


AMERICAN STOCK GEARS . 


Reach for the handy American Stock Gear catalog 
when you are specifying gears for the product 
you are designing ... Save time... Save money. 

This complete line of high quality gears in- 
cludes brass, bronze, steel, semi-steel, 
and non-metallic gears of every industrial type. 

Readily available from an authorized distribu- 


tor near you. 


—_ prices on complete line. 


Eliminate high-cost-specials’ 


American Stock Gear Catalog 300 con- 
=A, tains detailed information and latest 


specifications and engineering data for 
standard; mill; motor; vertical; floating 
shaft; and spacer types in sizes 7 to 
6 inches 


(Q-28) EDDY-CURRENT EQUIP- 
MENT Dynamatic Corp. Bulletin 
GBI, 16 pp. Discusses basic principles 
of eddy current machinery. Curves 
show torque and heat characteristics 
Other sections devoted to cooling, ef 
ficiency, control, operating character 
istics, and other units made by the 
manufacturer. Large illustrations are 
ncluded 


(Q-29) DISCONNECTING COUP 
LINGS—Twin Disc Clutch Co., Bul 
letin 500, 12 pp. Describes a new dis 

mnecting hydraulic coupling having 


dvantages of fluid drive and a master 
lutch. Presents diagrams explaining 
fluid dumping feature cooling circuits 
llustrated; hp range chart. In 21 and 
7 in. sizes with hp from 35 to over 
()¢ 


(Q-30) TORQUE CONVERTERS 
FOR TRUCKS—Twin Disc Clutch 
Co., Bulletin 501, 12 pp. Gives applica 
tion to on-highway and off-highway 
units, and gives advantages of highest 
torque multiplication of pulling and 
torque converter braking. Graphs show 
performance characteristics, and illus 


trations show typical applications 









cast iron 


AMERICAN STOCK GEAR division 


PERFECTION GEAR. COMPANY e¢ HARVEY, ILLINOIS 
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Line-O-Power Line-O-Power Right Angle 


Straight Line Drive Drive (Flange Mounted) 
(Foot Mounted) 







Maxi-Power Helical 
Gear Drive 








Foote Bros.-Louis Allis 
Horizontal Gearmotor 


Hygrade Worm Gear 


name your job... im 


FOOT: 4 BROS. Hortzontal Deve 
ULB IB 
HANDLE IT / 






















Foote Bros.-Lovis Allis 
Vertical Gearmotor 


Worm-Helical Geor 


At Foote Bros. you'll find a complete line of enclosed gear drives. 
Drive 


Modern, compact gearing — helical or worm — provides ratios up 
to 4,108 to 1 and capacities up to 1,550 h.p. to meet toughest speed 
reduction requirements. Also available for trouble-free service are 
Foote Bros.-Louis Allis Gearmotors, horizontal and vertical. 


Foote Bros. offers you these advantages: Nearly a century of 
design, engineering and production experience... the latest in 
gear-cutting equipment... better control of materials. At three 
modernized plants, advanced manufacturing techniques assure 


superior drives for every power transmission need. 


WRITE FOR THESE FOOTE BROS. BULLETINS: 
LPB — Straight Line Line-O-Power Drives 


DUTI-RATED LIFETIME GEARING LWA — Right Angle Line-O-Power Drives 
GMA — Foote Bros.-Louis Allis Gearmotors 
This Trademark Latest development in HGB — Hygrade Worm Gear Drives 
Stands for the Finest industrial power transmis- MPB — Maxi-Power Helical Gear Drives 
in Industrial Gearing sion. Offers new, economi- WHA — Worm-Helical Gear Drives 


cal approach to equipment 


design. Provides amazing OO 
Savings in weight and 
space. Assures longer wear .@) n 























FQDTE BROS. 

Outt-Raled life, maximum load-carry- 7») 

LIFETIME SEARING ing capacity and quieter, Reler Power Trartamiso1on Though Gotter Gears 
smoother operation. Write FOOTE BROS. GEAR AND MACHINE CORPORATION 
for information. Dept. W, 4545 S. Western Blvd. * Chicago 9, Illinois 
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(Q-31) HELICAL GEAR DRIVES 
Foote Bros., Manual LPB, 12 pp. Il 
lustrations and specifications for a series 





We thrive on 


tough gear problems 


of enclosed helical gear drives with 
straight line power transmission with 
a minimum number of moving parts 
Applications, load characteristics, hors¢ 
power ratings, and engineering draw 
More and more gear users rely on The 

Cincinnati Gear Company for their special 


Precision INS 
Miter Gears 


ear needs, because they've found that we for Aircraft (Q-32) BALL SCREW ASSEMBLIES 
9 ‘ x ; Landing Gear Vard, Inc., Bulletin, 12 pp. Illus 

have the “know-how” to produce the right gears cations of « toe ae P. bell 
i j i ! this tEACIC Or a line oO Y screws, ba 

for their toughest requirements every time! And thi SPUR screw actuators, electro-mechanical 


0 how" j rn pro- 
know-how" is backed up by the most modern p actuators, gears, gear boxes, and other 


duction equipment, complete heat treating facilities, WORM aircraft components. Compares ball 
one of the largest shave cutter stocks, electronic in- INTERNAL screw assembly with acme screw. Has 
spection when required . . . everything our expert SPIRAL BEVEL specifications of ball screw units with 
craftsmen need to produce top-quality custom gears siiiee ball dia. from 0.063 to 0.406 inch 


consistently, economically. 


; : HERRINGBONE (Q-33) FLEXIBLE SHAFTING 
Filling different, unusual custom gear orders is an My’ : 
f What tom *CONIFLEX BEVEL Kupfrian Mfg. Co., Bulletin 5194, 10 
every-day occurrence for us. yo a pp. Has many illustrations showing 


gear requirements may be, we can fill them to your SPLINE SHAFT 


; é typical shaft assemblies; flexible shaft 
complete satisfaction. Write, wire, or call today for 


couplings; coupling nuts; different 
full information. *Reg. U.S. Pat. Off. types of casings; and illustrations of 


7a —_ applications Gives complete specinca 
| : tions for 1 





14 different types 












i Bs i: (Q-34) RIGHT ANGLE GEAR 


aati aka DRIVE—U. S. Electrical Motors, Inc., 
THE CINCINNATI GEAR COMPANY Bulletin F-1775-60 “s 8 pp Sinai 
"Gears Good Gears Only”’ in detail a new Holloshaft gear drive 


to operate vertical turbine pumps where 


— 





Wooster Pike and Mariemont Ave. e Cincinnati 27, Ohio electricity is not available. Full page 
- — color cutaway view shows all the fea 
tures. 





(Q-35) TORQUE CONVERTER 

Diesel Div., General Motors Corp 
Booklet 6SA24, 8 pp. Has cutaway 
drawings, and curves showing hp 
characteristics of engines equipped with 
the converter. Explains operating prin 





ciples, and shows application in var 


This DRY PLATE DISC CLUTCH has | “®t 


(Q-36) LIQUID DRIVES G. | 


a wide range of applications... from | Nice co buliein cor. s pps | 


large cutaway view of: the traction 
sheave; the traction flexible couplings 
Ito 30 h.p. per 100r.p.m. | 


and the traction hub mounted liquid 
Compact, light in weight and easy to apply, these drives. Also has c mpl specifications 
clutches provide smooth, easy pick-up of load with 
out vibration or strain. They are ideal for such 
applications as machine drives, and a wide range of 
power take-off mechanisms. Duplex units are also 
available to furnish both forward and reverse 


movements 


and enginecring drawings showing 
stallation arrangements ror electr 


motors 


(Q-37) TORQUE CONVERTERS 
Allison D of Gen ral M tors Book 





Friction surfaces are sintered bronze running 


] f 1 1 2 nr 7 
against steel discs. Unusually high speeds can be handled because design is such as lets SA-1015 & 1018, 8 : p. Has co 
to overcome effects of centrifugal force. Positive disengagement is effected by springs pl te specifications for the series 600 
Moderate clamping pressures assure a minimum of wear. Single point adjustment and 900 torqu onverters for heavy 
Available in a wide range of sizes and capacities as follows: bores from 15/16” to duty operation Has _ cross-sectional 
3-11/16"; working torque from 630 inch Ibs. to 18,800; overall diameters from 414” to wiaes intadintids dueeinen ceil aie 
1334”; mechanism lengths from 5-11/16" to 1334”. Made in Ball Bearing Sleeve and ey. Sage a) 
Cutoff Coupling Type tensive d ript data { 


Ask for complete specifications and dimensions : , ' 
(Q-38) SPROCKET WHEELS 


NEWTON CLUTCH MANUFACTURING CO., INC. | Link-Belr Co, Booklet 2467, 8 pp 








3-5 BORDER ST., WEST NEWTON, MASS. Lists 207 st procket wheels cat 
ried for 78 types and sizes of chains 
Also using cast-tooth sprocket wheels. Thes 
Split and Solid Interchange Clutches—Pulley Clutches and Interchange Cutoff Couplings lud | ] Ss 
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The Coupling that gives you 
—- Design Features 


ALL STEEL construction from high grode 
steel castings with fine tool finished surfaces. 


ONE PIECE COVER SLEEVE is 
one solid forged steel unit for 
added safety at high speeds. 


3 AUTOMATIC LUBRICATION 

with ever-present oil film be- 
tween hub and sleeve to pre- 
vent friction or wear. 


4 POSITIVE SEAL hermetically 

seals coupling against oil oxi- 
dation and keeps ampie supply 
of CLEAN oil inside. 


LONGER LINING UP SURFACE 
insures easy, accurote initial 
clignment and full copacity to 
handle any subsequent mis- 
alignments 


COVER SLEEVE BEARING 
prevents any added pressure to 
either shaft; eliminates adverse 
ond crank action on shofft. 


LARGER BORE permits use of 
smaljer physical capacity for 
same size shoft and reduces 
rotating weight. 





Its design refinements, rugged construction 
advantages account for the notable performance records of the 
WALDRON Gear Coupling. Its reputation for providing a longer 
life of trouble-free service has for many years made it the first 
choice of practically all leading equipment builders. When you 
specify WALDRON you are getting maximum protection against 


coupling failure, costly shut-downs and replacements and damage 


to expensive equipment. Write for Catalog 57. 


JOHN WALDRON CORPORATION 


Wald erie A 


Sales Representatives In Principal Cities + In Canada—Peacock Brothers, Ltd. 
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pilings Francke Pin Type Coupling 


NEW BRUNSWICK + NEW JERSEY 


Handbook 





















most economical 





to buy and to use! 





and operating 














V Available in Standard, Heavy Duty Mill, Mill 
Motor, Floating Shaft, Jordan, Shear Pin, 
Cut-Out, Vertical Floating Shoft and Spocer 


types. A type ond size for every purpose 


JV Stondord design can be quickly and easily 


adapted for any special application 
JV Waldron nylon non-corrosive, non-lubricated 
gear coupling for small fractional H.P drives. 


Nothing to wear out. No maintenance 















Anchor-Waldron Overload Cut-Outs 





Eso 























BASIC... 


Diefendorf engineers ap- 
proach every project in- 
volving gear mechanism 
with an understanding that 
basically gears must func- 





tion perfectly within the 


unit. 


Thus Diefendorf always seeks basic un- 
derstanding of the overall project. Such 
co-operative engineering is always avail- 
{ 


able anywhere within the scope o 
Diefendorf facilities. 


DIEFENDORF GEAR CORP. 
SYRACUSE, NEW YORK 


DIEFEN D:O:AF 


G E A R S&S 

































Double engagement for 
angular and parallel 
misalignmcnt o> 


<= Single 
engagement 
for angular 


Z>PzAxx<O 


misalignment 


SPHERE-GEAR SHAFT COUPLINGS 


Barcus Patent 2303813) 


Solve Your Misalignment Problems 


Chis coupling is DIFFERENT. Hub teeth are generated on 
a segment of a sphere. When engaged with the annular 
teeth, it is possible to maintain uniform velocity even when 
coupling is operating at 4° angular misalignment. 
AVAILABLE DESIGNS 
FLOATING SHAFT @ HANGING LOAD e MARINE e@ AIRCRAFT 
SHEAR PIN @ FLANGELESS @ SINGLE ENGAGEMENT 
ASSEMBLIES TO MEET 
SPECIAL DRIVE CONDITIONS 
Write for Catalog No. 50 describing these problem solving 
couplings. 


DYKMAN MANUFACTURING CORP. 


320 Broadway, New York 7, N. Y. WB-3 














How do you like 


the HANDBOOK ? 


Our editors would like to know what you 
think of the HANDBOOK of Product Design. 
It’s purpose is to bring you all the preceding 
years design-engineering developments of 
major significance, culled from leading tech- 


nical publications here and abroad. 


The HANDBOOK is a working reference 
hook, which you will keep handy and use 
frequently in your work. Each year, another 
valuable HANDBOOK will be added to your 
library, coming as an added bonus to your 
regular Product Engineering subscription. 
Your response to the first annual HAND- 
BOOK last year surpassed our most optimistic 
hopes. We hope and believe you will find this 
year’s edition even more informative and 


lastingly useful. 


After you've had time to read and evaluate 
this HANDBOOK, please give us your impres- 
sions, as well as any suggestions you may wish 
to make to help make this annual service 


more and more helpful. Write: Editor, 


HANDBOOK, 


Product Engineering 


McGraw-Hill Building, New York 36, N. Y. 
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AJUSTO-SPEDE MOTORS 


NAMAT 
—_— a 


EDDY-CURRENT 
ROTATING EQUIPMENT 


AIR COOLED COUPLINGS 













PRESS DRIVES 





LIQUID COOLED COUPLINGS UNIVERSAL DYNAMOMETERS 


Dy namatic Eddy-Current electro-magnetic equipment represents 
the ideal solution for a wide range of adjustable-speed drive 
problems, particularly where an AC power source is a require- 
ment. Typical applications include paper machine drives, cement 


mill drives, industrial truck clutches, press drives, crane brakes, 





fan drives—in fact, practically all test, processing, and conveying 


equipment common to industry. Instantaneous response and accu- Write for your copy of Bulletin 
; GB-1 which describes and illus- 
rate control are important advantages. trates the basic Dynamatic units. 


Nvuamatil C0 RPO RAT | ON KENOSHA + WISCONSIN 
DYNAMATI( Subsidiary of EATON MANUFACTURING COMPANY, cievetand, Ohio 
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AVOID COSTLY SHUT-DOWNS! 


Specify THOMAS Flexible Couplings for Power Transmission 


DISTINCTIVE ADVANTAGES of THOMAS ALL-METAL COUPLINGS 





Requires No Attention. 
Visual Inspection While Operating. 


NO MAINTENANCE 





No Wearing Parts 
Freedom from Shut-downs 


NO LUBRICATION 





No Loose Parts. 


NO BACKLASH All Parts Solidly Bolted. 





Free End Float under Load and 
Misalignment. No Rubbing Action 
to cause Axial Movement. 





CAN NOT “CREATE” THRUST 





Drives Like a Solid Coupling 
Elastic Constant Does Not Change 
Original Balance is Maintained 


PERMANENT 
TORSIONAL CHARACTERISTICS 














e*: 





Patented Flexible Disc Rings of special steel transmit 
the power and provide for parallel and angular 
misalignment as well as free end float. 


Thomas Couplings are made for a wide range 
of speeds, horsepower and shaft sizes. 


< 4 f f 
] THE THOMAS PRINCIPLE GUARANTEES 
2 
PERFECT BALANCE UNDER ALL 
«< " 
\? CONDITIONS OF MISALIGNMENT 
gf MANUFACTURERS OF 
e 
, : FLEXIBLE COUPLINGS ONLY 


FOR OVER 35 YEARS 


Write for our new Engineering Catalog No. 51 


THOMAS FLEXIBLE COUPLING COMPANY 


WARREN, PENNSYLVANIA, U.S.A. 
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bushed roller: class H pintle; ciass ¢ 


combination chain: and Ewart Link 
Belt 


(Q-39) SPEED REDUCERS Uni- 
versal Gear ( orp., Catalog 600, 8 pp. 
Has brief descriptions of speed reducers 
from ly hp to 6,000 hp and ratios of 
3 to 1 up to 1,000,000 to 1. Installa- 
tions and applications are shown along 
with a description and cross-section of 
heliocentric principle 


(Q-40) MULTIPLE V-BELTS 
Thermoid Co., Booklet 3787. 8 pp 
Shows construction and gives the di 
mensions of various sizes of multiple 
V-belts, and light duty V-belts. Has 
simplified conversion tables for accu 
rately and easily determining the cor 
rect belt tO use 


(Q-41) INDUSTRIAL DISK 
BRAKES—The Goodyear Tire & Rub 
ber Company, Bulletin A1725K, 8 pp 
With illustrations it lists the varied 
applications of the airplane-type disk 
brake for industrial uses. Can bi 
idapted to most machines, and can be 
operated hydraulically, mechanically 
pneumatically, or can be spring-set, 
solenoid released 


(Q-42) HIGH TORQUE CLUTCHES 

Formsprag Co., Bulletin, 6 pp. De 
scribes the principle of sprag operation 
and how they are used in various types 
of clutches. Lists advantages and ap 
plications of: over-running; indexing 
nd back stopping clutches. Has cut 
away views ol standard clutches. 


(Q-43) PNEUMATI CLUTCH 
AND BRAKE—The Federal Machine 
and Welder Co., Booklet, 6 pp Dis 
usses the use and maintenance of 
pneumatic friction clutch and_ brake 
on presses. Also gives a comparison of 
positive clutch versus the pneumatic 
friction clutch and brake. Illustrations 
show installation on presses and 


utaway view identifies all the parts 
I 


(Q-44) FRICTION CLUTCH—Link 


Belt Co Book! t 2437 t pp Has 
schematic drawings and dimensional 
tables to aid in the selection of the 


right friction clutch ouplings Fea 
tures positive action ind easy adjust 
ment. In 10 sizes fro to 125 hp 


LOO rpm 


(Q-45) FULLY CROWNED GEAR 


TEETH—Ame rican Flexible ¢ oupling 
Co. Bulletin 1052, 4 pp. Lists the 
seven major engineering advantag S 


of fully crowned gear teeth in 
type flexible couplings. Applications 


peal 

couplings for power transmission 
problems such as excessive oftset space 
limitations and high spec 1s if de 


s( ribe d 
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Design V-Belt Drives with latest 





RMA approved higher HP ratings 








LATEST RMA HORSEPOWER RATINGS 


OFFER POSSIBLE 


By using higher ratings in the popular 
speed ranges, in many cases fewer belts 
and fewer sheave grooves can result in 
lower costs. Adequate safety margins are 
still included. 


®@ New horsepower ratings for standard 
and Hy-Load premium V-belts 


@ Two new correction factors: length 


correction and small diameter factors 


@ Standard sheave sizes and standard 


groove dimension sheaves 


COST SAVINGS 


Durkee-Atwood offers you the first Indus- 
trial V-belt catalog published with new 
increased horsepower ratings approved by 
the Rubber Manufacturers’ Association. 


Technical information includes: 


® New revised pre-engineered drive 
tables 


® General duty V-belt engineering in- 
formation 


® Sections on Open End V-belting and 
Link-type V-belting and VV-belts 


FOR YOUR FREE COPY CATALOG DI6IA WRITE DEPT. 4lIl, 
Durkee-Atwood Co., Minneapolis 13, Minn. Separate catalog information also 


is available on Durkee-Atwood Industrial V-sheaves, Light 
Duty type Catalog D172 and QD type, Catalog D170. 





Form No. 548 





soines DURKEE-ATWOOD CO. 
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NEW BOOKS 





Design Analysis & Mechanical Parts 





Numerical Methods in Engineering 
by Mario G. Salvadori, Assoc. Prof. 
of Civil Eng., Columbia Univ., Mel- 
vin L. Baron, Research Assoc., Co- 
lumbia Univ. 258 pp, 6 x 9 in. Pub- 


lished by Prentice-Hall, Inc., 70 
Fifth Ave., New York 11, N. Y.., 
$6.65. 


It is the purpose of this presentation 
to introduce students, and 
particularly engineers to those elemen 
tary techniques which are needed more 
often in the solution of technical prob 
lems 

The five chapters of the book deal 
with: 1. The algebraic 
equations of high degree and of simul 


scientists, 


solution of 
taneous linear algebraic equations. 2 
The elementary theory of finite differ 
ences and its application to numerical 
differentiation, integration, interpola 
tion, and extrapolation. 3. The solution 
of ordinary initial-value problems. 4 
The solution of ordinary boundary and 
characteristic-value problems 5. The 
solution of problems involving partial 
differential 
characteristic, and mixed types 


equations of boundary, 


Mathematical Engineering Analysis 
by Rufus Oldenburger, Pb.D., 
Woodward Governor Co., 6 x 9 in., 
26 pp. Published by the MacMil- 
lan Co., 60 Fifth Ave., New York 
LIN. Y., $6. 


Written as 


neering analysis courses and as a refer 


a college text for eng 
ence for the industrial researchman, the 
author's work covers the basic physical 
engineering problems 

It is divided into five parts dealing 


rigid bodies, elec 


with mechanics of 
tricity and magnetism, heat, elasticity, 
and = fluid Fundamental 
theories are developed in order that 
the student can apply the principles to 
the various problems that may be en 


countered 


mechanics 


Mechanics, Part Il, Dynamics by J. 
L. Meriam, Associate Professor of 
Engineering Design, University of 
California, 330 pp, 6 x 9 in. Pub- 
lished by John Wiley & Sons, Inc., 
{40 Fourth Ave., New York 16, 
N. Y., $4. 


The seven chapters are headed: Prin 
ciples of Mechanics, Kinematics, Prin 


E94 


ciples of Kinetics, Force, Mass and 
Acceleration, Work and Energy, Im 
pulse and Momentum, and Periodic 
Motion 

The subject of kinematics has been 
separated from kinetics to make pos 
sible a clear distinction between these 
two elements 
In the discussion of work and en 
ergy, emphasis is placed on the energy 
equation and its use for a conservative 
The transfer between mechan 
ical and non-mechanical energies is also 
discussed. The chapter on impulse and 
momentum leads directly into the time 
rate of change of both linear and angu 
lar momenta, with variable mass given 


system 


special emphasis 


Mechanism by Joseph Stiles Beggs, 
Assoc. Prof. of Engineering, Uni- 
versity of California, Los Angeles. 
8’, x 11 im., loose-leaf. U. C. L. . 
Students’ Store, 402 Westwood 
Blvd., Los Angeles 24, Calif. $3. 


This book was compiled from notes 
for an advanced course in kinematics, 
and provides a reference for the selec 
tion of mechanisms. Mathematical and 
graphical analyses are presented con 
cerning position, velocity, acceleration 
rolling curves, gearing, cams, cou 
plings, intermittent drives, linkages and 
slides, tension and compression links, 
mechanism | 


trains, Computing m¢ ha 


nisms, and controlling circuits 


Servomechanism Analysis by George 
J. Thaler, Asst. Prof. of Electrical 
Engineering, U. S. Naval Postgrad- 
uate School and Robert G. Brown, 
Senior Project Engr., A. C. Spark 
Plug Div., General Motors Corp., 
6 x 9 in., 414 pp. Published by the 
McGraw-Hill Book Co., 330 West 
12 St., New York 36, N. Y., $7.50. 


Beginning with a discussion of the 
background of automatic controls, the 
authors present the the 
mathematical theory of servomecha 
They stress the elements of an 


alysis as be ing a necessary pre 


essentials of 


nisms 
re quisite 
to design 

The Laplace transformation, which 
is discussed in detail, is used exclusively 
as a mathematical tool since it is suita 


ble both for the solution of the dif 
ferential equations involved and for 
Product 


the construction of transfer functions 

To facilitate setting up the differen 
tial equations for various systems, the 
authors devote considerable space to 
the use of electrical analogies of me 
chanical, thermal, hydraulic and pneu 
matic systems as well as electro-mechan 
ical machinery. Following the 
differential equations of basic 
servomechanism systems are 
solved and the solutions analyzed 

Two special features of the 


exemplify recent developments in servo 


this, 
some 


derived, 
text 


theory. One of these is a discussion of 
Relay Servomechanisms. The other fea 
ture is the Root Locus Method which 
is a convenient means of computing 
the transient response from the transfer 


function ¢ quations 


Weight-Strength Analysis of Air- 
craft Structures by F. R. Shankley, 
Professor, University of California 
at Los Angeles, 6 x 9 in., 394 pp. 
Published by the McGraw-Hill Book 
Co., 330 W. 42 St., New York 36, 
N. Y. $8.50. 


This volume meets the need for sci 
entifically sound methods of analyzing 
and predicting the structural weight of 
aircraft Part 
methods by which the minimum weight 
determined for any 
and conditions of loading. These prin 


ht 


and missiles I discusses 


can be material 
ciples of design for minimum weig 
are then utilized to derive weight equa 
tions for wing and fuselage structures, 
the subject matter of Part II. Part III 
includes reports prepared in the cours 
of investigations of new materials and 
extreme ope rating conditions 


Complex Analysis by Lars V. Abl- 
fors, Professor of Mathematics, 
Harvard University, 6 x 9 im, 247 
pp. Published by the McGraw-Hill 


Book Co., 330 W. 42nd St., Neu 
York 36, N. Y., $5. 
A first year graduate text, this vol 


ume covers the elementary portion of 
the theory of functions of one complex 
variable. Designed primarily for the 
M.S. and Ph.D. student of mathematics 
is a foundation for further speciliza 
tion, it also provides the complete cov 
erage and understanding necessary to 
the mathematician specializing in an 
other branch of the subject, to the 
theoretical physicist, and engineer 
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From CHEMICAL ENGINEERING 


The New Trends 
in Heat Exchangers 


* Shell and tube improvements 


* Extended surface exchangers 


* Developments in air cooled types 


* New corrosion resistance designs 


* Spiral and plate constructions 


JULIAN C. SMITH 


Professor of Chemical Engine 
Cornell University 


ring 


OPERATING TEMPERATURES and pres- 
sures of industrial equipment are be- 
coming higher; process fluids are more 
dangerous and more corrosive; various 
forms of energy cost more than they 
did a few years ago; the cost of skilled 
labor for maintenance has sky-rock- 
Water is getting scarce, too, in 
certain parts of the country 


eted 


All of these factors have compli 
cated the problems normally associated 
with heat transfer and added others 
that can be solved or minimized only 
by the use of new types of heat trans- 
fer equipment. Air-cooled units, evapo- 


Fig 1—Types of extended surface exchangers: 


rate coolers and extended-surface ex 
changers of a variety of designs have 
come into wide use. Air-cooled ex- 
changers have replaced water-cooled 
units in many parts of the country 
There has been a noticeable trend 
away from straight-tube exchangers 
toward spiral exchangers, plate ex 
changers and other non-tubular de 
signs. Particularly clear is the trend 
toward plate units, which have high 
capacity at low Their limiting 
factor seems to be pressure, for plate 


cost 


exchangers are not yet good for much 
above 250 psi 

Yet despite the new designs and 
techniques, conventional types continuc 
to be satisfactory in many places. Shell 
and tube exchangers are still made in 


(a) segmented or discontinuous 


fins (Drayer-Hanson); (b) concentric radial fins (Modine); (c) internal longi- 


tudinal fins (Heat-X-Changer) : 


(d) transverse fins extending across several 


tubes (Trane); and (e) transverse rippled fins (McQuay). 
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vast numbers and probably will con 
tinue to be made especially as costs are 
reduced. 


Shell-and-Tube Improvements 


Extensive experience with sh ll-and 
tube exchangers has permitted manu 
facturers to standardize designs with 
out loss of effectiveness. Several lines 
of small inexpensive mass-produced ex 
changers have been put on the market 
by companies such as Kewanec-Ross 


Bell and Gossett, and Patterson-Kelley 


Kewanee-Ross has developed meth 
ods of roller-expanding very small 
tubes, 14 and 4% in. in diameter, and 


supplies standard shell and-tube units 
2 sq ft Pfaud 


containing as little as 1 


ler now offers a line of standard ex 
changers of stainless steel and other 
alloys. The Brown Fintube sectional 


exchanger is an extended-surface ex 
changer with standardized parts, de 
signed so that several banks can be 


dismantled rea 


easily rranged or fr 
placed 
shell-and 


tube exchangers using hairpin tubes 


Several companies mak 


secured to a single tube-sheet. Thess 
units virtually eliminate leakage bx 
tween the shell and tube fluids and 
since the tubes float at one end, avoid 


the problem of differential expansion 
They are 
ous water and oil heaters, often to heat 


widely used as instantan 


cold viscous oils so that they may be 
To start cold oil flow 
ll heater 
heated with 


pumped easily 
ing, Davis makes a suction-b 


ular tubs 


with a single cit 
et heater is con 
nected with flexible lines to th 

} 


steam or hot water; the 


suction and inserted throug 


hole 


1 a man 


into the reservoir 


Special Tubular Exchangers 


ssures OF 53.000 DS! are 


I 
1.000 ps 


Operating pr 
almost as common today as 
years ago. To handle high 


Griscon 


was 20 


pressures 1-Russ I] has d vel 


oped the Type L breech-block head for 
shell-and-tube exchangers. The innet 
circumferen of the head and the 
periphery of the cover have matching 
projections. When th ver 1s inserted 
and turned a few inches, thes pro 
jections engag ich other and lock the 
cover in plac Th hydraulic load is 














DEVELOPMENT 


Non-freeze air heaters 


COMPANY 


Aerofin Corp., 410 S 








Geddes St., Syracus 








.* 
1, N.Y 
Spiral plate exchangers American Heat Reclaiming Cor; 
Sixth Ave., New York 20, N.Y 
Sanitary shell-and-tube exchangers Arnold Equipment: Corp., 3080 Main St 
Buffalo 14, N.Y 
Standard shell-and-tube exchangers Bell and Gossett Co Morton Grove, II 
Thermo-Flo tank heaters; standard sec Brown Fintube Co., 150 Huron St., Elyria 
tional exchangers Ohio 
Separable plate exchangers Cherry-Burrell Corp., 427 W. Randolph 
St., Chicago 6, Ill 
Glass coolers and condensers Corning Glass Works, Corning, N.Y 
Suction bell heaters self-cleaning ex Davis Engineering Corp., 1064 E. Grand 
changers St., Elizabeth 4, N.J 
Graphite cubic exchangers Delanium Carbon Corp., 18 E. 48th St 
New York 17, N.Y 
Serrated finned tubing Drayer-Hanson, Inc Box 2215 Terminal 
Annex, Los Angeles 54, Calif 
Tantalum exchangers Fansteel Metallurgical Cory North 
cago, Ill 
Glass-coated exchangers Glascote Products, Inc 20900 St Clair 
Ave., Cleveland 17, Ohio 
Monobolt sanitary exchangers Helifiow Graham Mfg Inc 415 Lex 
spiral exchangers Ave New 7, N.Y 
Bentube self-cleaning heaters high-pres Griscom-Russell Co Mass'll O} 
sure exchangers; air-cooled exchangers 
bimetallic tubes 
Cast aluminum exchangers Heat-X-Changer C« Inc Brewste N.Y 
Standard shell-and-tube exchanger Kewanee-Ross Corp 1407 Wes € 
Buffalo 13, N.Y 
Platecoil welded plate exchange Kold-Hold Mfg. Ce Lansing 4, Mich 
Perforated aluminum plate ex ger Arthur D. Little, In« 30 Memorial Drive 
Cambridge 42, Mass 
A voled exchanger t ative oler Marley Co.. Inc 222 W. Gregory Bivd 
Kansas City 5, Mo 
Ripple-F air heaters McQuay, In« 1622 Broadway St. N.I 
Minneapol’s 13, Minn 
Special f ed-tube and braze alu urr Modine Mfg. Co., Racine, W 
plate exchangers 
Karbate graphite ex ge National Carbon Cx E. 42nd St.. Ne 
York 17, N.Y 
Evaporate ade r Kolmetal at National Radiator C 60 FE ‘ St 
1g8 New York 17, N.Y 
Sta ard shell-a be ex ge Patters¢ Kelle ( I I St 
burg, Pa 
Glass ted a ex ange Pfaudler C 0 We Ave k este 
3, N.Y 
Braze t ite ex ge Trane (¢ La Cr e, W 
Scraped-s e exct € Henry Vogt Machine C I t 
Ky 
High-pre e se € ate ex Walker-Wallace Ir 37 Arth St 
Buffalo 7, N.Y 
H te € ex ge Western Pre tatior Cort 1016 w 
Ninth St Los Angeles 15, Calif 
Telescopic exchange Western Supply C Tu Okla 
Bime l bing Wolverine Tube D alurmet a He 
Inc 1411 Central Ave Detroit 9, M 
thus carried by th projections, not | with liquid-carry ng tubes of s 
bolts, so that only a | ght pressure-s stainless steel 
ng ring and gasket are needed Another Heat-X-Changer des 
One way of guaranteeing that ther ‘Ives a single straight tub to 
I leakage or contaminatior in diamet ;' had bw a ol 
will be no leakage or co nination of in diameter, surrounded by a sl 
the various liquid streams in an ¢ of cast aluminum. The tube conta 
hanger is to use a block of cast al longitudinal internal fins. In the sl 
minum in which are embedded separate a coil containing water or other coo 
coils to carry the fluids. Units like this nt. Although these exchangers w 
are supplied by the Heat-X-Changer ened for use in refrigeration sys 
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ms. they should be valuable in other 
applications where mixing of fluids 


annot be tolerated 


Extended Surface Exchangers 


Use of extended surface is indicated 


where one film coefficient, because the 


fluid on that side is a gas or viscous 


liquid, is much lower than the coeffici 


ent on the other side. In some recent 
designs fins are provided on both sides 
to increase the rate of heat transfer 


through both films 
There are two main types of fins 

transverse, often made by attaching a 
spiral strip to the tube; and longtudinal 
or radial. Continuous spiral fins have 
been available and are 
still widely used, especially in air heat 
ers. A new development in this field 


for 30 years 


is the Aerofin non-freeze air heater, de 


signed so that steam condensate can 


not freeze in the exchanger. This is 
done by using a bayonet arrangement 
with steam inlet and condensate out 
let at the same end of the coil. Con 


densate flowing to the 
kept 
tubs 


outlet header is 


warm by contact with the inner 


carrying the incoming steam 
Other trends are toward inte rrupted 
fins or fins of special shapes, with tubes 
of unusual cross-section 
The McQuay 


changer, Fig 1, 


sometimes 


usc d 


Ripple Fin ex 


contains stag ge red 
tubes and fins with rippled edges that 


Dis 


gmental fins have been 


turbulence of the air 
continuous or s¢ 


increase the 
give high rates of heat trans 
fer; they are used in exchangers sold 
by the Drayer-Hanson, In 

Transve rs¢ 


shown to 


nns ext ndin y Acre 


rf SS SCV 

ral tubes in a bank are also available 

Tubes unusual cross-sections aré 

featured by Modine. Flat seamless 

tubes with corrugated outside fins, flat 
; 


tened tubes with longitudinal internal 


with 


fins and interrupted external fins, and 
streamlined tubes with flat fins are typi 
il designs 
Longitudinal fins are used when vis 
ous liquids must be handled or when 
i low pressur stream 1s 


1¢ sired A 


com-Russell 


drop in a gas 
al design is the Gris 
G-Fin 
compact standardized exchanger. Con- 
centric radial fins, fusion bonded out- 
de a small tubs 


Twin section a 


and inside a larger 


one, are a development of Modine 
Sometimes internal longitudinal fins 
ire used, or both internal and external 


mins on the 


plied by 


PI 
( hanger 
The Brown Thermo-Flo heater is an 


same tube. Such tubing is 


Modine and by Heat-X 


su 


idaption of longitudinally finned tub 


ing for heating viscous liquids in tanks 


It is a compact unit, comprised of sev 


eral parallel finned tubes 4 ft long 
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Fig. 2—Spiral heat exchangers are available in tubular or plate constructions. 


Advantages are low leakage and high heat transfer coefficients. 


Fig. 3—Four types of plate exchangers. These units are relatively inexpensive, 
compact, and give high rates of heat transfer with little pressure drop. 
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vertically near the tank bottom. In larg 
tanks, 
They give much more rapid and ef 
fective heating than do spiral coils of 
up vigorous flow 


several such heaters are used 


bare tubing and set 


currents even in heavy oils 


Air Cooled Exchangers 
Air-cooled exchangers have found 
application for nearly all kinds of con 
densing and cooling services. Ty pically 
they consist of banks of finned tubes 
carrying the hot fluid, across which air 
is blown at high velocities. Coolers of 


this kind are made by Marley, Griscom 


Russell and several other manufac 
turers. They are bulky, but not un 
reasonably so. They are particularly 


applicable where the hot fluid is really 
hot, with a minimum temperature dif 
ference between and the 
fluid of about 50 Fahrenheit 
Another use of air in process cooling 
It has long 
in cascade or trom 


the air hot 


is IN evaporative cooling 
been known that 
bone coolers some of the heat was re 


moved through evaporation of water 


into the atmosphere, but only in the 
past few years has this effect been 
studied quantitatively. National Radia 
tor Co. has proved that evaporative 


cooling is highly useful with its stand 
ard cast-iron condensing and cooling 
where 


sections, water 1s expensive or 


very hard. In such a situation the water, 
treated if necessary, is recirculated, with 
only enough added to make up for the 
small lost through 


relatively amount 


evaporation and splashing 
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Spiral Exchangers 

Spiral exchangers consist of short 
ylindrical shells, with flat heads car 
rying inlets and outlets leading to in- 
ternal spiral passages. These passages 
may be made with spiral plates or with 
spiral banks of tubes 

Tubes are used in the Graham 
Heliflow exchanger, Fig 2. Small units 
contain a single spiral tube, held be- 
tween the head and the floor of the 
shell; larger units employ several spirals 
set tightly one above the other. One 
fluid flows inside the tubes, the other 
in the narrow channel between the 
tube banks. Flow is truly countercur- 
rent, and the chance of one fluid 
leaking into the other is almost nil. 

Heat-transfer coefficients are high, 
with a somewhat larger pressure drop 
inside the spiral tubes than if they were 
straight on the shell side the pressure 
drop is low because no baffles are 
needed The spiral design also allows 
for differential expansion between the 
tubes and the shell. Standard exchang- 
ers will stand pressures up to 1,500 psi 
on the tube side and 600 psi on the 
shell side. They are made in sizes 
ranging trom 0.5 to 108 square feet 

The Rosenblad exchanger ( American 
Heat Reclaiming ¢ orp.) contains spiral 
passages formed by partitions of metal 
plates. In these exchangers one fluid 
nters through one head and leaves 
through the other; the second fluid 
nters and leaves through the wall of 
the casing. The edges of alternate 
hannels may be welded shut at the 
nds to eliminat Both spiral 


passages are of rectangular cross-sec- 


le akag 


tion and flat-walled. leading to very 
low pressuf drops Heat-transfer co 
ficients are high 


Various 


c ivailable for 
liquid-liquid coolers, vertical surface 


lesigns ar 
ondensers and liquid heaters; a new 
design features a hinged cover and 
wide passages for quick easy cleaning 


sizes range up to 


1 00 sq rt. per unit 


Plate Exchangers 


Under pressure to find cheaper ways 


I 


of supplying heat-transfer 


surface, 

ny designers have turned away from 
tubular exchangers. Sheets or plates of 
metal, corrugated or embossed. are 


h uper per square foot of surface than 
ire tubes. The trick was to find ways of 
making plates into exchangers that 
would carry fluids under pressure with 
out leakage. One way is the spiral plate 

xchanger just described: other ways 
ure to assemble stacks of plates with 
gaskets between them and hold the 
assembly in an external form: or to 
bond the plates permanently togethers 
at the lines of contact to form leak 


proof channels. This last method has 


been made possible through develop 
ments in metal bonding techniques, es 
pecially with brazed aluminum 

Plate exchangers, in addition to 
giving high rates of heat transfer with 
low pressure drop, are cheap to build 
and cheap to install. They contain much 
more heat-transfer surface per unit 
volume than do shell-and-tube ex 
changers. A tubular exchanger typical 
ly contains 25 to 50 sq. It. per cu. ft; 
plate exchangers prov ide 80 to as much 
as 450 sq. ft. per cu. ft. Units have 
been made to operate at —300 and 
+500 F., and under working pressures 
up to 300 psi. It is claimed that these 
exchangers make economical tempera 
ture approaches between process fluids 
of 5 to 10 deg. F., where in earlier days 
the rule was 20 to 50 degrees 

Exchangers wth separable plates held 
under compresson are especally useful 
where complete cleaning is necessary 
An example of this type of exchanger 
is the Cherry-Burrell Superplate, with 
knobbed plates of stainless steel. A 
unit of this kind built to stand internal 
pressures of 120 psi has recently been 
announced by Walker-Wallace. Such 
exchangers can be rebuilt or extended 
with little expense 

An Arthur D. Little exchanger con- 
sists of a stack of thin perforated alu 
minum plates alternated with gaskets 
of neoprene or other material which 
group the perforations into longitudin 
al channels. This exchanger was de 
signed for cooling large quantities of 
gas. Rates of heat transfer are high be 
cause the gas passes through what is in 
effect a series of orifices; repeated com 
pression and expansion insure turbu 


lence even when the flow rate is low 


Recent designs of this exchanger in 
corporate brazed aluminum gaskets, o1 
ridges pressed into the pe rforated sheet 
and brazed to the sheet above 

Brazed aluminum is also used in th 
plate exchangers made by Trane and 
Modine. Trane uses corrugated plates 
often with serrated patterns, in assem 
blies that permit a single exchanger to 
handle as many as five fluids simul 
taneously. An interrupted passage gives 
higher rates of heat transfer for 
given pressure drop than does a straight 
passage. Modine plate exchangers con 
tain strip fins or corrugated plates of 
various designs; channel fins, embossed 
and perforated to direct condensate 
flow, are used in solvent recovery 
equipment 

A somewhat different plate exchang 
er is the Platecoil, made by Kold-Hold 
Mfg. Co. This is usually in the forn 
of an immersion heater, designed to 

place coils of spe mn rectangular 
lectroplating tanks and pickling baths 


Platecoils consist of sheets of 16-gage 


Product 


metal, seam and spot-welded together 
and embossed to form transverse in 
ternal channels which carry the heat 
transfer medium. The channels lead 
to standard pipe nipples 

The entire exchanger is a single light 
unit, weighing half as much and taking 
half the space of a bank of pipes of 
equal surface area. It is mounted in a 
tank on two strap hangers that fit over 
the top of the tank wail, so that disas 
sembly and removal for inspection and 
cleaning are easy 

Designs are supplied with widths 
from 12 to 22 in. and heat-transfer 
areas from 1 to 42 sq. ft. The all 
welded construction means no threaded 
joints in the tank, also that initial costs 
are low. Platecoils are ordinarily sup 
plied in mild steel, Type 316 stainless 
steel and Monel 


Corrosion-Resistant Exchangers 


Bimetallic Tube In many applica- 
tions of tubular exchangers the fluid 
on one side of the tubes has different 
corrosion characteristics than the fluid 
on the other side. To meet such con 
ditions, companies like the Wolverin« 
Tube Div. of Calumet-Hecla Consoli 
dated Copper Company now furnish 
bimetallic tubes with an interior sur 
face of one metal and a skin of another 
Bimetallic finned tubing is also mad 
by Griscom-Russell and others 

Tantalum Exchanges Some cor 
rosive fluids are best handled in equip 
ment made of tantalum, Fig 4. Fansteel 
tantalum bayonet immersion heaters 
may be inserted through a nozzle into 
a glass-lined or ceramic vessel. Single 

} 


tubes range up to 2 in. in diameter and 
i I 


ft. in length 


Steam is admitted 
through a slotted internal feeder tub« 
Tantalum shell-and-tube exchangers for 
handling liquids like hot chlorine solu 
tions are made in sizes to 188 sq. ft or 
more. Cooling coils for agitated glass 
lined vessels, double-pipe exchangers 
and tantalum-sheathed electric immer 
sion heaters are also availabl 
Tantalum condensers consist of a 
large tape red tube of thin ribbed tan 
talum, set vertically with the small end 
down and packed with porcelain rings 
Cooling water or refrigerant flows 
through a steel jacket. Vapor enters the 
large top end, and condensate leaves 
from the bottom. The d 
ameter keeps the \ por V locity high 


reasing di 


so that heat-transfer rates as high as 


120,000 Btu/hr/sq. ft. are not unusual 

Graph Excl Impervious 
graphite is inert to most corrosive agents 
ind has high thermal conductivity, a 


low coefficient of thermal expansion, 
and strength at high te nperatures Be 
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Fig 4—Tantalum, graphite and Delanium are usually reserved for use with ex- 
tremely corrosive fluids. Delanium, a dense form of carbon, is the principal 
material in the cubic exchanger shown here. 


cause of these properties it ts used ex- 
tensively in heat-exchange « juipment. 
Plate, bayonet, cascade and shell- and- 
tube exchangers of impervious graphite 
are all on the market 

Shell-and-tube such as those 
made by National Carbon, can be fur- 
nished 


units, 


n almost any 


size, although 
when graphite tube sheets are necessary 
it is not feasible to put more than about 
600 sq. ft. of surface in a single unit 
Because of graphite’s low coefficient of 
thermal expansion relative to that of 
the steel shell, floating heads must b 
used; i.e. by a packed joint around a dis 
charge nozzle, a double-packed joint 
on the periphery of the floating tube 
sheet. or a flexible diaphragm between 
the shell and the floating head 

Small standard exchangers contain 
O.D with a 


ing seven 11/, in tubes 


Product Engineering — 1954 Annual 


working pressure of 50 psi. on both 
the tube and the shell sides, have found 
their place as heaters and coolers for 
nickel-plating solutions, coolers in the 
chlorination of alcohol, and similar 
applications. Graphite plate heaters 
withstand internal steam pressures of 
25 to 30 psi; they are particularly well 
suited for use in steel pickling baths 


Cubic Exchange A new material 
of construction, Delanium, has been an 
nounced by the Delanium Carbon Cor} 
Developed in England, Delanium is a 
very carbon made by 
heat-shrinking specially selected coals 
followed by 


dense form of 
graphitizing. It has high 
but like other 
graphite it is brittle and weak in ten 
sion 


compression strength, 


To make the best use of its properties 
} I 
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exchangers made from it are of a novel 
design. They consist of a cube of Delan 
ium 9 to 15 in. on a side, held in a 
metal casing. Rows of holes are drilled 
in one direction through the cubical 
block; between these rows, and at right 
angles, are other similar holes. The ex 
changer is two-pass with both streams 
Heating or cooling fluid enters through 
one head, passes through one set of 
holes, returns, and is 
through metal pipes. The 
fluid follows a similar path through the 
other set of holes, except that here the 
cover plates and fluid lines are also of 
Delanium 

Standard sizes contain 50 and 105 sq 


discharged 
corrosive 


ft. of surface. Steam pressures up to 50 
psi can be used 


Glass and Glass-Lined Exchangers 
In very recent years glass has become 
an accepted material of construction for 
many kinds of process equipment, in 
cluding heat exchangers. Cascade cool 
ers of standardized design, made by 
Corning Works, are for 
cooling corrosive solutions with a min- 
imum of cooling water. The 
10 ft. long with walls 1/16 in. thick 
they are in double banks contain 
ing up to 24 tubes, 12 to a bank 

Despite the relatively low thermal 
conductivity of the 
efficients of heat transfer are not small 
In tests of heat exchange between hot 
and cold water the coefficients ranged 
from 50 to 75 Btu/hr./sq. ft./de 
Fahrenheit 


Glass used 


tubes are 


use d 


glass over-all co 


Double-pipe exchangers—glass pipe 


surrounded by steel jackets are also 


supplied by Corning. Double-pipe ex 
changers utilizing glass-lined pipe ar 
made by Pfaudler and by Glascot 
Where glass pipe can safely withstand 
internal pressures of 50 psi. at most 


glass lin 1 pip can stand several hun 


s+ 
dred ps! 


Cascade coolers of glass-lined pip 


are also available, which give 


what higher heat-transfer rates than do 


som 
similar glass coolers, but they do not 
permit the operator to see what is going 
on inside the pipe 
Glass-lined condensers are 
the tube-and-thimble 


often of 
type containing 


two glass-coated water-cooled surfaces 


They range in area from approximate 
rt 
ly 9 to 160 square feet 
Plast Instead of using special 


materials, another approach has been 


to coat the heat-transfer surface with a 
resistant paint, as in the National 
Radiator Kolmetal process. This in 


volves a vinyl plastic plus an aluminun 


paint, which reduces salt-water corro 


sion and prevents the growth of slime 


ana ilga on water-cooled surfaces 
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SLIDE TYPE 
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Or 


Split Housing 





Reamed or Bored 
Housing 





GUIDE TYPE 


Bronze Bushings 





Cold Rolled, Turned and 
Polished, or Ground Shaft 


Cold Rolled, Turned 
and Polished, or 
Ground Shaft 





Machines 


PROVISION FOR WEAR 





Split 


None 


CHARACTERISTICS 





Positive lock-up eliminates 
play. Used for positioning 
or adjustment. 








Turned and Polished, Ground, 
Hardened and Ground, or 
Chrome Plated Shaft 








Replace bushings 





Cheapest. Used where 
relative motion is infre- 
quent, or play between 





Generally best compromise be- 
tween low cost and good per- 
formance where relative mo- 


W. A. S. DOUGLAS mating parts can be tion is great, where play must 
Northrop Aircraft, I tolerated be kept to a minimum, or sur- 
face speeds are high 
[HE USE OF ROUND BAR GUIDES on machine tool slides Thought must also be given to the probabl life expectancy 
should be restricted primarily to such applications where and fr quency of use of any given slide, as design requir¢ 
they are loaded as columns rather than beams; where torque ments of a slide used once a day would be very different 
s about the center of the guide, or about the center of from a slide used several times a minute 
several guides arranged in a circle; and where thrust is In the case of single round guides, they can be used as 
through the longitudinal axis of the guide or ram, or machin 101 slides where the bars are used as columns, 
through the center of a circle of guides. If round bar and where there is little motion between the guide and 
guides are to be loaded as beams. thev should be as short slide. A ymmon application of this principle is in the 
as possible, and as large in diameter as possible Bushings olumns of drill presses and radial drills, where the single 


riding on round bar guides should be as long as possible tubular 


olun n 


for 


prov ide S 


vertical 


adjustme nt of ¢t 


he 
and also allows for rotation about th 


and their length should preferably approach the distan: work head or tabl 

between guide bars on multiple guide bar installations vertical axis of the column, Fig. 1. Wear of both column 
Consideration should also be given to the effects of wear ind bushing is negligible, and, as no relative motion is 

ind methods provided to minimize or compensate for it requ red during operation of the machine, s mple split 

The surrounding structure should be sufficiently rigid to bushings can be used to lock the bushing to the column 

restrain the rods ind prevent deflections of the rod from liminat ng all play between the two elements 

distorting other parts of the machine and vice versa This san prin ple has been us¢ 1 suc ssfully on tool 
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Hardened and Ground 


Steel Bushings Split and Bolted 


Hardened and Ground Shaft Turned and Polished, or 


Ground Shaft 


Replace bushings or shaft, or Remove shims, hand 
both scrape. Often limited by 
alignment considerations. 


Good wearing qualities. Close 
fits. For high speeds and high 
loads. Generally restricted to| small and speeds slow. 
shafts under 3 in. dia. Costs| Sometimes used as a lock- 
high unless quantities are up. 

large, or stock bushings and 

shafts are used. 


Used on heavy machinery 
where relative motion is 


and cutter grinders. In one grinder the grinding head is 
attached to a stationary vertical column by a split bushing, 
where it can be raised and lowered or rotated about the 
column to any desired position. In another machine the 
grinding head is rigidly attached to the top of the vertical 
column, while the column itself can be moved up and down 
and rotate in bushings in the machine base 

When round bar guides move from the vertical to the 
horizontal position, they generally change their function 
from columns to beams, and in so doing become notably 
less desirable than their dovetail counter parts. By their 
very nature round bars can be supported only at their ends, 
making them subject to deflections throughout their length, 
while the dovetail slide can be supported throughout its 
length by a base or beam sufficient to keep it rigid at all 
times. If round bar guides are to be used to their best 
advantage, the reaction to the work being done, or the 
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Split Babbitted or 


Bronze Bushings Tapered Bronze Bushings 


Turned and Polished, or 


Turned and Polished,Ground, 
Ground Shaft 


Hardened and Ground, or 
Chrome Plated Shaft 


Shim, hand scrape, or re- 


Tighten bushings, replace 
place bushings 


bushings when worn out 


Used on heavy machinery | For 
where close fits must be 
maintained, where there is 
considerable relative mo- 
tion or high linear speeds. 


precision equipment 
where close fits must be main- 
tained at all times. Where 
speeds are high, or strokes 
long. Expensive. Generally 
not used on shafts under 1% 
in. diameter. 


force applied should be through the longitudinal axis 
the guide or as a torque about this axis 

A common example of this is the tailstock spindle of 
an engine lathe when used to drill a hole. Here the thrust 
line is down the center of the spindle torque is around 
the center being resisted by a key and key way. The spindle 
is loaded as a short column and a torsion bar and any defle: 
tions from these will not cause the location of the tool 
relative to the work to change. When the tailstock spindle 
is used as a support for the end of the work being machined 
its function as a column and becomes a beam, a 
function for which 


it loses 
is not best suited, as deflections will 
cause a change of position between the tool and work 
resulting in chatter and inaccurate work. When used in this 
function, the spindle is always retracted into its supporting 
housing as far as possible to reduce the overhang of the 
beam, and so reduce or eliminate deflections 
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Fig. 1—The vertical round column of this radial drill is used for vertical adjustment only, the column itself being 
mounted on ball bearings to provide radial movement about the column center line. A cross-sectional view of the column 
is shown at left. 


Some Causes of Sticking or Locking of Slides on Multiple Round Bar Guides 


— re 


Beoring orea of slide too short 


























CJ Cc 


Excessive deflection of guide bor 


bearing not relieved in center Clearance between guide and slide too great Genera! lock of rigidity 
Another example is the ram on th 1dvance each of th nto the work t housing. Any cut that would load th 
Cleveland and Footburt single spindl perform their task. The tools are ar ram as a beam, such as boring or knec« 
1utomatic screw machi Here a round ranged in a circl ibout the long tool work, is amply support d, as th 
f large diameter and short length tudinal axis of the ram so that th umeter of the ram is app ite ly 
{ h g or bushing so_ line of action is parallel to that axis the same as its maximum projection 
1a i 1o nd also Each tool position has a key way which ym the housit vhich will ke it a 
ul ou S s. The horizor ngages a ractable key » line t very sturdy bea 

1 1s used f ng the t ol up with the work 1 pern Following the single round | 
ol ind { ling then » th ad xing iro tool » tool. Loads guides con i 1 guides 
work. Th rge d r of the tur predominantly thrust load irallei to used as columns | tw 
liminates any possible deflection. Th the axis of the ra ind within its parallel bars instead of a single box 
purpos this is pres S ral I r. Torque is resisted by the key gives a solid support for the end of an 
ols to work in quick succession and together with the fit of the ram in its irbor. Where they are used for adjust 


Fio Product Engineering — 1954 Annual Handbook 














ment only, they have the advantage over 
machined dovetails in lightness, with a 
consequent saving in material and fab- 
ricating cost, which is particularly no- 
ticeable in large machines that other- 
wise might require a massive cast iron 
column. On smaller machines the 
added precision machine work required 
to obtain interchangeability of 
columns, bushings, work heads and 
column supports could easily offset the 
material savings. The advantage of two 
columns over the single columns men- 
tioned is obviously that rotation about 
the column is prevented. The disad- 
vantage on machines where adjustment 
is the only function of the column is 
the close tolerances required on par- 
allelism, and center to center distances 
of the columns and bushings 

Where the columns are used as 
guides on a machine where there is 
relative motion between the guide bars 
and bushings on the work head, other 
factors must be conside red Where 
there is relative motion, there is po- 
tential wear, and some means must be 
provided to compensate for it. The 
cheapest way to provide for wear from 
the standpoint of manufacturing econ- 
omy is with comparatively hard guide 
rods and soft bushings, such as steel 
rods and bronze bushings, so that the 
majority of wear will be on the bush- 
ings, which can be replaced 

The disadvantage of this is that 
from the minute the new machine is 
put into operation until the time the 
bushings are replaced, the machine is 
in the process of deteriorating, losing 
its efficiency with every stroke until it 
is rebuilt and then the cycle is re- 
peated. Better than this, from the op- 
erational standpoint, are tapered split 
bushings that can be adjusted for wear 
throughout the life of the bushing, 
thus maintaining the accuracy of the 
machine for a long period of time. 
This type of bushing most nearly ap- 
proaches the adjustment feature of the 
dovetail slide. Another approach to 
the wear problem is the use of linear 
type ball bushings on hardened shafts 
However, careful analysis must be 
made of the brinnelling effect of the 
which on heavily 
loaded machines might require exces- 
sively large shafts 

Multiple bars as guides in a hori- 
zontal plane are used as rails for mo 
tors having variable or adjustable pitch 
sheaves, and in some belt tightening 
devices Here no great 


balls on the shaft 


degree of 
rigidity or accuracy of positioning is 
required. Low cost is essential and 
relative motion small. Guides of this 
kind are often neither hardened nor 
ground, and perform very satisfactorily 
Several threading machines are, or 
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have been manufactured with round 
bar guides. Here the problem of de 
flection becomes very serious because 
it spoils the alignment of the tool and 
the work. Some of these machines 
carry the work on a vise or clamp 
attached to a carriage riding on the 
round bar guides, while the die head 
revolves on a spindle, presumably 
lined up with the work. When large 
pipes are threaded on these machines, 
if they do not- deflect the guides from 
their weight alone, they are bound to 
do so because of the 21 foot lever arm 
of a full length of pipe, resulting in 
torn threads and broken dies. 

Another problem encountered on 
machines having multiple round guides 
is the tendency of the sliding element 
to ““cock’’ between the guides. The 
greater the distance between the sup 
ports, the slimmer the columns; and 
the shorter the length of the bushings, 
the greater this problem becomes. Best 
results will be obtained with long 
bushings, preferably equal in length to 
the distance between the guide rods, 
with the center of the bushings re 
lieved to clear the guide, except at its 
two ends. Failure to do this will cause 
excessive should _ the 
guide rods bend due to an eccentric 
loading, the machine would jam 
Lengthening the bushings, of course, 
will increase the length between the 
guide rod supports for any given 
travel of the slide, thereby increasing 
the tendency of the guide rods to de- 
flect. Thus, a compromise must be ar 
rived at between the various factors 
involved 


friction; and 


A common and successful example 
of vertical round bar guides used in 
pairs are the guide pins and bushings 
on punch press die shoes. Here the 
pins or bars are protected against ex 
cessive deflection and “cocking’’ by 
the guides or ways on the punch press, 
which are generally some form of 
dovetail machined into a massive 
frame of cast iron or steel plate. The 
cost of maintaining the required close 
tolerances required on the pin guides 
of the die shoes is reduced to a mini 
mum because of the large volume of 
parts produced, thus justifying the best 
in tooling and production methods 
The arbor support is thus in line with 
the spindle and prevented from rotat 
ing about the center line of the bar 

Another good example of vertical 
round bar guides is in the strain rods 
or side members of a hydraulic press 
In this case the bending of the guides 
is restricted by the fact that the rods are 
under a tension load during the work 
ing stroke. Unless the bushings are 
particularly long, trouble with cocking 
is sometimes experienced, particularly 
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on two post presses Care must be taken 
in setting dies in the press so that the 
center of resistance of the die is di 
recting under the ram of the press 

A problem arises when this type ol 
press is used with heated platens, such 
as in the plastics industry. The upper 
and the lower platens expand from 
the heat, while the header of the press 
does not, throwing the strain rods or 
guides out ol parallel This can be 
controlled by heating the header, by 
allowing for lateral movement of the 
strain rods where they attach to the 
header, or by allowing sufficient clear 
ance between the guides and the bush 
ings of the movable platen to allow 
for the different center to center dis 
tances of the strain rods because of 
temperature differences of the two 
platens and the header of the press 

The first solution is the most satis 
factory, although it increases first cost, 
maintenance, and cost of operation 
Furthermore, if platen temperatures 
are high, they may adversely affect th 
life of hydraulic cylinder packing. The 
second and most common solution is a 
good compromise, although it reduces 
the overall rigidity of the press. Th 
third solution is least desirable in that 
it greatly increases the possibility 
of trouble from “cocking,” movabl 
platen chatter, and mismatch of dies 

In spite of these problems, some of 
which are also found in dovetail 
guided presses, there is no cheaper wa 
of building a press of this type, as can 
easily be seen by comparing the mat 
rial cost and machine work requir 
on a round bar press guide, with th 


} 


massive cast iron or steel columns with 
their machined ways that would b 


required in any variation of the dov 
tail guide principal Of course, th 


cast iron or built up steel press would 


have a much longer life expectancy 


It is essential in designing round 


bar guides to design them sufficient 


large in diameter and short in length 


| 
i 


j 


to resist those 


h a way that minor d 


forces, or place th 
guides in su 
flections do not change the rela 
position of the tool and work. Wh 
the forces involved are torque about 


} 


spindle, and thrust through the spind! 


center line, the best arrangement is 
place the guides equi distant from th 


spindle on a horizontal line draws 





through the spindl enter-line, with 
the power source that moves th 

| 1 re 1 
riage as close to the nter line of th 
spindle as possible. Guide rods in 


horizontal position t nd to wear much 


becaus« ot 
lie 


faster on the top surface 
the weight of the carriage and the 
and chips and may have to be replaced 
nore often than s lar rods in a 


vertical position 
I 


Fi 





Tips for Designing Rubber 


For economical production, parts should be designed for die cutting in preference to molding wher- 
ever possible. When selecting the method of fastening rubber parts to other components, the fol- 
lowing factors should be considered: hardness of rubber, operating loads, disassembly requirements, 






Fig. 1—Holes and slots in molded 
parts requiring screws or studs are 
generally preferred to threaded in- 


serts because they eliminate the 
need for cleaning the rubber from 


the threads, 


Fig. 2—When it is necessary to seal 
long peripheries and disassembly 
may be required, extruded soft rub- 
ber seals can be held in place ef- 
fectively with a locking strip, also 


TITIIPIIIIIIIITITTITITIITITliTiririiiiiiriiiriiiriiriiliitliliL Li errr Teer ee 


Sea/ cernented 


fo these surfaces 





Fig. 3—When the member is sub- 
ject only to compression loads, soft 
rubber items can be held to other 
surfaces with adhesives described in 


Product Engineering, February 
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made of rubber. 


1952, pages 130-133. 
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Fig. 6—Uniform sections will reduce adhesion failures 
where rubber is bonded to inserts and the assembly is 
subjected to both axial and shear loads. They also 
facilitate molding and eliminate uneven shrinkages. 


Fig. 7—Space holes in accordance with the hardness 
and tear resistance of the rubber as well as the rigidity 
of the metal retainer and applied loads. Molded holes 
are generally easiest and least expensive to produce. 











Better 


Fig. 11—Small and multiple inserts can increase costs 
as well as production problems. The single insert shown 
at the right is preferred to the two smaller inserts at left. 


Fig. 12—Coarse diamond knurl (a) is good for most 
cylindrical inserts. Straight serrations resist twisting but 
require shoulder (b) to keep from pulling out. 
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Parts and Assembli 
fabricating equipment availability and production requirements. For additional information on 
the design and the properties of hard rubber parts see Product Engineering, February 1952, pages 
168-172. 














Feather 

2 ~~ ealge 

= = 

Poor Good Poor Good 
(a) (b) 
b- Fig. 4—Molded threads are usually limited to hard rubber items. Unless 
ft production requirements are high, they are expensive because of mold Fig. 5—To reduce adhesion failures 
er costs and the curing time required. On female threads, (a), a recess about in general, all fillet radii should be 
in 1/32 in. deep extending to the major thread dia will make assembly easier generous and the rubber should 
ry and prevent chipping. Male threads, (b), should start 1/32 in. from the overhang the edges of the inserts 
end of the part. whenever possible. 
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* Fig. 8—Select rubbers to take ad- Fig. 9—Projecting ends of inserts Fig. 10—Avoid holes or slots in two 
of vantage of elasticity to hold parts should be standard shapes to ease directions to cut production costs. It 
without fasteners or cement as well locating in mold. Thin or unsup- would be better to make this part in 
as provide leakproof seals. ported inserts may shift. two sections as per the dotted line. 
[SCC ORE ce eeeeeteeees CESSES ESSE ESSE SEES SESS SSEEEE S SESS SSSSSSSSSSES ESSE EH SESE EEEEEEE TEESE EREEEEEE EEE REET CERO HE Ree SSCS SESE TE HORSE eRe e Eee: 
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< Coerc parting 
| line r 
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Fig. 13—Avoid undercuts that result in mold- 























(a) 


Fig. 14—Consider other molding problems. (a) Use 1/32 min. 
radius for edges or corners and avoid radii at the parting line. (b) 
Use draft of 1 degree minimum for surfaces that are molded 
perpendicular to the parting line. 


t ing difficulties. Size of undercut that will 
it strip easily depends on the size of the part 
and the type of rubber being used. 
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Deflection Loog Lotero! j _-~Flexure pivot 
i ge ” restroining force } Restroining 
7 20 : f } we 
r- SS . Detiection = 
j \ (| [ie 2a . 

i \ : 

; Flexure eS Reta DM 
Flexure pivot ' m= Spi tt 
pivot ; member 

: : L 

\ “"*-Stit* member---~ . iA y 

; if : = 
\ : . “=~ Flexure pivot ~~ 
Fig. 1 Fig. 2 

Fig. 1—Arrangement allows structure to move freely Fig. 2—Suspension system in which flexure pivots 
in one direction. The pivots are loaded in compres- are loaded axially in tension other than compression. 
sion; the upper member being free to move in the The stiff members are in compression. This suspen- 
horizontal direction through a limited distance de- sion as well as the compression type may be designed 
pendent upon stress conditions in the pivot. Lateral to have zero restoring force or neutral stability under 
foree 2Q, holds structure in deflected position, the a constant vertical force. Since the pivots are in ten- 
magnitude and direction being dependent upon the sion, they do not buckle as pivots loaded in com- 
load 2P and the stiffness of the flexure pivots under pression may under loads exceeding design condi- 
column loading. tions. 


7 Approximote center 
/ of rotation 
7 





Fig. 3—This type of flexure pivot con- 
struction may be dictated by space re- 
quirements or those imposed by a mov- 
able wall as in a duct. The center of 
rotation of this pivot lies outside of the 
upper boundary of the structure. 








Flexure Pivots—Design 


Frictionless joints for force measuring systems and structures material be taken into account. The 
in which rotational freedom through a small displacement is Goodman diagram; Solderberg dia 
required. Moment, slope and deflection formulas for determin- gram, or similar fatigu riterion 
ing dimensions of pivots loaded in tension and in compression, should be used to account for th 
with a lateral restraining force and in neutral stability. effect of the steady stress upon th 
fatigue limit. Consideration should 
ARTHUR G. THORP, II by college textbooks in advanced so be given to the effect of stress 
trength of materials courses concentration at the ends of the flexur 
n x eae 1 oe D ' Where axial forces are imposed on Pivot with the provision that amp! 
W estingh« Electric Corporat the flexure pivot, the ma tress _ fillets are to be employed 
og in the flexur pivot is the alg For simplicity, it is ger rally pr 
WHERE SMALL ANGULAR MOTIONS a! braic sum of the average tensile or able to use identical flexure pivots at 
required, flexure pivots provide a sim- con pressive stress P/A imposed by the each end of the stiff member, thus 
ple and durable method of hinging axial force and the maximum bending ™aking L equal half the length of the 
structural parts together. In such pivots stress M Z. or stiff member 

deflection or rotation occurs as the 1 mis ¥ : Formulas and equations 
sult of elast leformation of a bean n the tabulation on pages F20 ar d 
For small deflections, tl nalysis of If the flexure pivot is to be sub F21 for the solution of the cases most 
the flexure pivot is the sa is that t to variable bending, it is in por- commonly met in practice. To simplify 
for simple bea s as covered tant that the fatigue strength of th numerical work and to aid in visuali; 
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/ pivot 
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Fig. 4 


Fig. 4—Where the variation in vertical loading is 
large and it is desirable to approach as nearly as pos- 
sible the condition of neutral stability this arrange- 
ment may be used. With flexure pivots of negligible 
spring force a or small deflections the restoring a 
tendency of the per member will balance the over- may be attached to the top of the bell crank to act as 
turning tendency of the lower member, and the an inverted pendulum that terbalances 

structure will move in a plane. restoring forces of the flexure pivot. 








NOMENCLATURE 





Cc, = moment constants P = axial force, tension or compression, A = deflection at end of stiff member, 
E = modulus of elasticity, psi Ib in. 
= principal moment of inertia of flex- @Q = lateral force, lb » = Poisson's ratio 
ure pivot cross section with respect R = distance locating center of rotation ¢ = tensile or compressive stress in 
to axis of bending, in+ of flexure pivot, ia. pivot, psi 
k =+/ P/E, in". z = distance along longitudinal axis, in. 4 = cross sectional area of flexure 
l = length of flexure pivot, io. y = distance along transverse axis, in. pivot, in? 
L = length of stiff member, in 6 = angle of rotation of stiff member, Z = section modulus of flexure pivot 
VU = bending moment, in. Ib radians in3 


Formulas and Charts 


ng thn ffects of th different var section. When th plat widtl 5 pI { ber Fig 
ibles, the curves shown in Figs. 6to 14 er than 3 times the plate length, tl stiffness and length, there will be 
have been constructed to cover a range flexural rigidity relatior bending moment at the mid-t 

l f st problems. The « , stiff [ 

gt las g n { ' ] ° } 

Ib ill creased a l [ f should | t Vl i S 
| Ss Dey id | ing yf th liat M } ) Ss ( Ss ; 1s ( 

Note that he f ila which ynal h re | 

h efhcient & a irs th varies Ss he stiff I was eat 1 th 
s the sq P, theret literatur g h 

I rormt Lif with u ol i tl I | 

to th i | P. This non Th h 1 
if i pical f ill bea nulas { Cas I 

olumn problems and complicates th 8 are for single fi 
analysis when the axial load its var but may be applied to tl nfigut CASE 1—SINGLE FLEXURE PIvo 
able, in which 7 b tions shown in Figs. 1 14 | STIFF MEMBER BOTH IN AXIAL TE? 
rcised to make sure that the most determining the length L to the point ON WITH |! ERAL RESTI 
seve! onditior S d termined or zero moment n th stitt f ber FoR I C onfiguratior sin lar t that 

The most commo! rorm ol fl xur Note that | th tw nexurf I t t o! th | r pivot how | p 
pivot 1s a plat of rectangular ross each end of the stiff conr ting with a lateral restraining for Wher 


Product Engineering — 1954 Annual Handbook Fis 








designing pivots of this type, the axial 
force P, the deflection and the 
lengths / and L are generally the 
prescribed conditions. It is 
sary, therefore, 
flexure pivot to 
stress limits at 


neces- 
the 
safe 


to design 

stay within 
the point of max- 
imum moment, which in this case ts 
the end moment M,. The curves in 
Fig. 6 for C, give values of M,/P/ 
for this case as a function of the vari- 
ables &, / and L 


CASE 2—SINGLE FLEXURE PIVOT AND 
STIFF MEMBER BOTH IN AXIAL Com- 
PRESSION WITH LATERAL RESTRAIN- 
ING Force. Configuration similar to 
that shown in Fig. 1. When de- 
signing pivots of this type, the 
axial force P, the deflection 

and the lengths / and L are 


generally the prescribed conditions. In 
this case, the point of maximum mo 
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xt 
ad { fs) : £\/@e 3 KO \} - 
; { ksinnal fig /) 
«t 
| er ) 
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ment lies at the distance x from origin 
as defined by the equation given for 
(x/l1) Minar below 

The curves in Fig for Cy give 
values of M,/PA for this 
function of the variables 4 

The value of the 
(Mmaz/PA), is given in Fig. 8 as a 
function of &, / and L, to facilitate 
obtaining the value of the maximum 
bending moment M,,,,,. Note that for 
values of &/ exceeding approximately 
2.2, the maximum bending moment 
rises rapidly with increasing kl and 
approaches infinity at values of &/ 
slightly over x. Since & is proportional 
to the square root of P, a small increase 
in the axial load will cause large addi 
tional bending moments at values of 


case as a 
land L 


coethcient Co,,, 


kl exceeding 2.2 and may lead to 
failure 
From the curves of Fig. 9 the rela 


tion between //L and &/ that will pro 


vide equal moments at each end of the 
flexure pivot can be determined. This 
should enable the designer to approach 
a design of minimum weight since the 
level of bending stress will be nearly 
constant throughout the length of the 
flexure pivot 

The curve of Fig 
relation between //L 


10 indicates the 
and &/ when the 
end moment for this case becomes zero 
At values of &! the curve, the 
end moment reverses becoming nega 
tive, thus the flexure pivot will have 
a point of reverse curvature. It is good 
practice to avoid values of &/ that will 
cause the end moment to be 
the assembly acquires consider- 
ably more flexibility and has less re 
sistance to incidental transverse forces 


above 


negative 
since 


CASE 3—SINGLE FLEXURE PIvo1 
WiTH ZERO AXIAL FORCE AND WITH 
LATERAL RESTRAINING Force. Con 
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figuration similar to that shown in Fig 
2 but where axial force 
pivot ts zero 


in the flexure 


CASE 4—SINGLE FLEXURE PIVOT IN 
TENSION, STIFF MEMBER IN CoMm- 
PRESSION, WITH LATERAL RESTRAIN 


ING Forc! Configuration similar to 
that shown in Fig. 2. From the curves 
shown in Fig. 11 for the coefficient C,, 
the value of the end moment for this 
case can be obtained. Note that below 
dashed line, values of C4 also deter- 
mine maximum bending moment in 
the flexure pivot; but for values above 
this line, the maximum moment oc- 
curs at the other end. Fig. 12 
structed for convenience in obtaining 
the maximum moment in the flexure 
pivot for region above dashed line of 
Fig. 11. 

The curves in Fig. 9 give the rela 
tion between //L and &/ that will pro 


is COon- 


vide equal moments at each end of the 
flexure pivot 


CASE 5 and G6—FLEXURE Pivo1 
WiTHOUT STIFF MEMBER. Configura 
tion similar to that shown in Fig. 3 


CASE 7—SINGLE FLEXURE PIvoT IN 
TENSION, STIFF MEMBER IN COM 
PRESSION, WitTH No LATERAL RI 


STRAINING Force. Configuration sim 
ilar to that shown in Fig. 2 as de 
signed for neutral stability, that is, in 
an application where the lateral re- 
straining zero. The curve 
in Fig. 13 for this case gives the rela- 
tions between &, / and L that provide 
neutral stability. Note that M,/P/ 
equals unity is the necessary condition 
for zero lateral force. Reference should 
be made to Fig. 12 
imum moment 

The curve in Fig. 14 gives the vari 


force 1S 


to obtain the max- 
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ation in centers of rotation tor various 
values of &/ for this case. Note that as 
& increases the center of rotation moves 


away from the point of fixity 


CASE 8—SINGLE FLEXURE Pivot 
AND STIFF MEMBER BOTH IN COM 
PRESSION, WitrH No LATERAL Ri 


STRAINING FORCI Configuration sim- 
ilar to that shown in Fig. 1 as de 
signed for neutral stability. The curve 
in Fig. 13 for this case gives the rela 
tions between &, / and L that provide 
neutral stability. Note that M,/P/ 
equals unity is the necessary condition 
for zero lateral force. Reference should 
be made to Fig. 8 to obtain the max 
imum moment for this case 

The curve in Fig. 14 gives the vari 
ation in centers of rotation for various 
Note that as 
& increases the center of rotation moves 
toward the point of fixity 


values of &/ for this case 
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Effect of Related Variables on Flexure Pivot Design 


Fig. 6—Chart for obtaining the value 
of the end moment M., Case 1, when 
the pivot and the stiff member are 
bota in axial tension and a lateral 
restraining force is provided. 
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04 Fig. 7—Chart for obtaining the value of the end mo- 
ment Mo, Case 2, when the pivot and the stiff member 
03 are both in axial compression and a lateral restrain- 
ing force is provided. 
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Fig. 8—Chart for obtaining value of maximum moment, / ‘ 
Case 2, when pivot and stiff member are both in axial o2r— , ? 1 
compression and a lateral restraining force is provided ma 
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Co, Maes for Cases 2 and 4 for M, equal to M,, 
a Pe or that provide equal moments at 


each end of the flexure pivot. 
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Fig. 11—Chart for obtaining 
value of end moment, Case 4. 
Values below the dashed line also 
determine the maximum bending 
moment in the flexure pivot. For 
values above the dashed line, the 
maximum moment occurs at the 
other end, see Fig. 12. 
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Fig. 10—Design conditions for Case 2 
to produce a zero end pivot moment. 
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Fig. 12—Chart for obtaining the 
maximum moment, Case 4, when 
the moment is at the deflected 
end of a flexvre pivot. 


Fig. 13—Design relations, Cases 
7 and 8, that provide neutral 
stability or zero lateral force. 


Fig. 14—Chart for obtaining 
center of rotation, Cases 7 and 
8, for varivus design conditions. 
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Swaged Housing 
Ring Grooves 
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-Snap ring groove 
shoulder 
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(C) Swaged Ring Design 


Axial Thrust Bearings 


Design criteria for retaining bearings in housings by means of a lip roll swaged around 
circumference of the housing bore. Results of an investigation that included press swag- 
ing, friction spin swaging, and roll swaging both ductile and notch sensitive materials. 


C. H. AVERY and A. G. BRISACK 


) 
rocess 


Engineers, 


PROMPTED BY THE NEED for valid 
design data covering the effectiveness 
of different methods for retaining bear 
ings in housings, the bearings being 
subjected to axial thrust loads, a pro 
gram of tests and study conducted at 
Northrop Aircraft has yielded much 
pertinent engineering information asso 
cited with the swaging methods of r« 
taining bearings 

Where space is available for their 
application, snap-ring and screw-in ring 
constructions, 1(A) and (B) 
offer no serious design and production 
problems. The dimensional values and 
the physical properties such as yield, 
tensile and shear strengths of the ma 
terials determine the retaining strength 


F20 


Fig 


Northrop Aircraft, Inc 


of the construction. The program was 
limited, therefore, to the investigation 
of swaging methods that could be used 
where space is insufficient to install 
snap-rings and screw-in rings 

Tests were conducted 
data were obtained on 
tained by press swaging, 
and roll swaging 
data indicate that press 
friction 


W hi h 
bearings re 


from 


friction spin 
The sc 


swaging and 


swaging, 


spin swaging are unsatisfa: 
tory for retaining bearings in any but 
ductile materials such as 
24SO aluminum, 75SO aluminum, and 


steel of 125,000 psi tensile strength or 


the more 


less 
These data also indicated that the 
roll swage method, when housing 


Product 


grooves and rolling tools are properly 
proportioned, is reliable and practical 
for retaining bearings in ductile mate 
and in the brittle 
notch sensitive materials 


rials, more and 

In exploring the possibilities of press 

swaging, housings of 165,000 psi ten 
75ST 

FS-1h magnesium wrought alloy, and 

an aluminum casting alloy 


sile strength steel, aluminum, 


were ma 


chined with a groove as shown in Fig 


2(A). With the simple press type 
tools shown in Fig. 2(B) and a Uni 
versal testing machine, 1.750 in. diam 


eter bearings were swaged into th 
several housings 

Press swaging the ring of pre 
material around bearing 
was successfully performed with hous 
ings of ductile steel and the annealed 


aluminum alloys. In housings of 75ST 


grooved the 
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Fig.2 





(A) 


Fig. 2—Press swage process for 


satisfactory. 


Fig. 3—Set-up for friction spin swaging using a 
drill press. Hard housing materials cut grooves 


in tool. 


Fig. 4—(A) Housing and tool relationship prior to 
roll swaging. (B) Housing ring and bearing after 


swaging. 
Fig. 5—Standardized dimensions 


adopted for retaining bearings in housings by roll 
swaging. Table I relates data with specific metals. 


Direction of 
Fig. 4 | opplied lood 








Roll spin tool~~ ~ ~~~~~~ 


30 deg. 
Housing-~. 





aluminum, FS-1h magnesium, and the 

the ductility 
withstand 
induced by 
the 
juently cracked in thes« 


I 


' , 1] 
casting alloys, however, 


was not sufficient to the 


bending stresses pre Ss 


swaging at the root of groove 
The rings conse 
areas 

The push-out load results obtained 
were high for the 


ging 


with pre SS Swa 


ductile materials, thus indicating that 

swage retention would be applicable 
rt 

for most retained be arings if a method 


satisfactory for all commonly used 


alloys could be developed 
Since only a small area of the groove 


is under pressure of the tool during 





- 


Direction of tooaing | 


Housing 





retaining bearings 
in housings. (A) Machined groove in housing. (B) 
Press swage tool, housing and bearing. (C) Swaged 
housing ring and bearing. Push-out loads were 
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_-~ Press swage fool 











and tolerances 


Housing—~~4 7 


--C=Basic bearing 
diameter 





(8) 


tool 
the 


the 
when 


in the groove beneath 


w ould be 


area 
than 
whole ring is pressed swaged 


less those 
Exploratory tests of spin swaging 


therefore, were next made. Using 
similar materials, bearings, and groove 
the 


rings 


design as those used in press 


swaging tests, housing were 


swaged over bearings with a friction 


type tool, Fig. 3, mounted in a drill 


pre SS 

Sn; 
pin 

when 


not satisfactory 
friction tool. In 
stead of swaging the housing material 
over the bearing, the tool face, of 


hardness Rockwell C-61, was grooved 


swaging 
tried 


was 
using a 


spin swaging was surmised that by the stronger and harder materials 
in spin swaging the bending stresses such as 165,000 psi tensile strength 
Product Engineering — 1954 Annual Handbook 









E=wWidth of swoged 
lips(C-D)72___ 


‘S C=Bosic bearing diameter 
D=/nside diometer of 


, housing ring 
ofter swoging 


L. ~~ Bearing 





steel and 75S-T6 aluminum. On softer 
materials as 75SO 
FS-1 wrought magnesium and H-HT 
nagnesium 
a complished satisfactorily except that 
excessive galling occurred on the fac 


such aluminum 


castings, spin swaging was 


of the housing ring 


From the spin swaging tests, it was 


oncluded that 
1. A roller type swaging tool would 


dD necessary to product satisfactory 
parts 
The 


optimum swaging co 


angle necessary for 
dit 


tool race 
ons must be 
determined 

3. The limits 
for de pth and width of ring groove 


gle of 


must be determined 


ror an PrTOO\ taper from tof 


F2 





Table I—Design Data for Roll Swaging Process of Retaining Bearings 





Tolerances on dimension A for all materials are +-0.005 and —0.000 

For permissible reswaging, tolerances on dimension F for all materials are +0.001 and —0.001 

For permanently installed bearings, tolerances on dimension £ for all materials are +0.0025 and —0.000 
A tool face angle as shown in Fig. 5 is used with these design data 











/ | 
) Reswaging Permissible Permanently Installed 
| Groove | Chamfer |- — 
Material | Depth, | Depth, | Lip Design Load | Lip Design Load 
A B width, per in. of housing width, per in. of housing 
i . E diameter, Ib E diameter, Ib 
Aluminum 0.045 0.060 to 0.035 0.005 690 0.0125 1730 
(75S-T6) 0.025 | 0.034 or less 0.0035 660 0.0075 1410 
Magnesium 0.045 0.060 to 0.035 0.005 260 0.0125 650 
(FS-th) 0.025 9.034 or less 0.0075 520 
Steel* 0.045 | 0.060 to 0.035 0.005 1020 0.0125 2540 
0.025 | 6.034 or less 0.005 1270 0.0075 2040 
Al Casting 0.045 0.060 to 0.035 260 0.0125 650 
(356-T6) 0.025 0.034 or less Retention not possible 0.0075 520 
Mg Casting 0.045 0.060 to 0.035 0.005 350 0.0125 860 
(H-HT) 0.025 0.034 or less Retention not possible 0.0075 630 
S . : i A 
— —* bem ian = or Have not used to date cast Have not used to date 





* SAE 4130 (165,000 to 185,000 psi); SAE 4140 (185,000 to 200,000 psi); SAE 4340 (200,000 to 220,000 psi). 













wile H= Basic “ge width rW= Housing width 
/ ‘\ Beoring---- / 
J \ ring st , . 
y WW rs ~-O.125 (min} - C=besic bearing 
4 Ad R diameter 
‘ For chamfer depth B 500 


\ 


greater than OFN6in.; 


WM 

\N 
NX \. 
NK 














Yj Y g = yt0.010 
“ Housing 7 - / 7 "0.000 
Yi YY’ i YY For chomfer depth B 
J 1, , 4) AA 
, fess thon 0.0/6 in.; 
Y \ Vp UU W=(H#0.0/0)7 99 
Fig.s Detoii (1) \Bearing 
thicknes ring a aterials were investigated to deter rials when parallel sides were us 
g tistactory mine the design characteristics The optimum ring sha vas Of 
i A series of tests were made in which which the gt les pered 
Th ff in = fac } ae was varied fron deg from top to root, forming a 6 
the unit push id must | iS to deg. In these tests, cracking deg included angl 
th ng as a result of bending Using this optimum tool face ang] 
Push-out leads obtained wer stresses occurred in the less ductil ind this optimum ring shape, tests 
tly high t low the use o materials such as 75ST aluminum and were then mad using ly 5S] 
swaging method to retain all or FS-lh magnesium At 70 deg fa iluminum in which the thickness / 
irly all bearings even if misaligned ingle, the tool clearan was insuft f ring, the depth A of the groovy 
r subjected to vibrational axial loads nt with son types and diameters ind the width E of the swaged li 
Further tests were tl onducted f bearings A tool fa ing! yf Fig. 4, were varied to determine th 
using a roller type tool, Fig. 4, usis ( deg to the housing bore axis was yptimum dimensional limits 
ither a lathe or a ll, to determir letermined to be the optimun Since ring thicknesses in the rang 
th | l swag The ring groove on some specimens f 0.015 to 0.040 in. were found 
tention of bearings. Housing dian was tapered from top to bottom, on _ be satisfactory physically and metal 
rs ranged fron ) to in. All thers its sides were parallel. Crack lurgically, a ring thickness of 0.02 
. } = 00 - wae cel 1 as th 
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a oe ah ten ee 


mum standard dimension for design 
A maximum groove depth of 0.050 
in. was consistently satisfactory metal 


lurgically. An amount of rolling to 
swage a lip of 0.025 in. wide was satis- 
factory metallurgically and physically 
Shear type 
swaged ring defects occurred when the 
width of the ring lip was increased be 
yond 0.025 in. To 
for the 
tests and variation 
ot 0.015 in 


for the samples tested 


safety tactor 


give a 


to account limited number of 
n materials, a value 
was set for the 
amount of lip width 

Using the standardized dimensions 


t and 5 


maximum 


and tolerances given in Figs 


and Table I, several specimens each 
of SAE 4130 steel (165,000 psi), 
SAE 4340 steel (200,000 psi), 75S 
T6 aluminum, FS-1h magnesium. SAI 
1130 cast steel (165,000 psi), 356-T6 


and H-HT sand 
rolled swaged 


from 0.75 to 


t 


aluminum 
ist magnesium wert 


sand cast 


over bearings ranging 
dia. The 
then loaded 
failure loads of th 
corded 

In addition, a series of identical 
run on 75S-T6 aluminum 
roll swaged housings to determine 


loads 


thes tests, a 


3.50 in retained bearings 
and the 


rings reé 


were axially 


Sway d 


sts were 


the 
variation in failure 

On the 
] 


design load for roll swaged bearings 


basis ol safe 


was determined to b 


Design I Fail Load/1.5 
It should be noted, however, in 
designing to the roll swage process 
that the manufacturer's rated thrust 
load for any bearing must first bs 
considered and then the design load 
for the roll swag process Whichever 


= - a iE ee EE Se 


is the lower load should be used for 
design 
After evaluating all tests, data wer 
compiled from which the dimensions 
for design and fabrication as given in 
Table | and I igs 
as being satisfactory for bearings r 
tained by the roll process 
Note that the design loads as given in 
Table I are pounds per inch of hous 
diameter. The values g 
applicable to any diameter of 
bore 


f and 5 were set up 


swaging 


ing 


iven are 
housing 
In making a complete metallurgical 
examination, roll 
for all conditions of the wer 
examined for cracks, metallurgical de 
fects and 
ploratory 


! 
swaged specimens 


tests 


On the ex 
and_ shear 
defects were encountered as previously 
On all cracked 
] 


rings, ¢\ 
dences ofa cold rorgec 


microstructure 
tests, cracking 
disc ussc d 
structure such 


as deformation bands were few, indi 


cating that little forging and mostly 
bending had occurred 
Metallurgical examination of cross 


sections of roll swaged bearing hous 


ing rings that were made to the final 
standardized dimensions given in 
Table I show a sound = swaged 
(forged) microstructure fre from 


cracking or other defects 
A typical cross section (35X) of a 
roll swaged housing ring 


Fig 


micro photograph reveals 


0.050 in 
6(A). This 


a satisfactory 


deep, is shown in 
cold forged structure for 
installed bearings 

In Fig. 6(B), a typical 
(SOX) is 
housing 
out 


permanently 
ross section 
shown of a roll 
after the bearing was pushed 
This housing was machined to a 


swaged 


ring depth of 0.025 in. This housing 


Te CEES MB ow 
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s satisfactory for replacing the bearing 
and reswaging 
The SOX micrograph of th 


swaged structure 6(C) 


shown in Fig 


reveals extensive deformation banding 


These bands are too fine to be detected 

in the other lower power micrographs 
In Fig. 6(D) ts shown a typi al 

shear detect (35X) that occurred wh 


the housing ring was swaged to a ring 
lip width greater than 0.025 inch 


Conclusions 


roll swage method of retaining 


The 
bearings is readily adaptable to pri 
| 


duction on a vertical or horizontal 


mill. The set-up requires only on 
tool and tool holder to cover all dian 
eters of bearings For each LD. of 


bearing, however, a separate locating 


plug is needed to position the bearing 


and housing in the holding fixture 


After three years production exper 


ence, has been found to 


be highly 


this process 
satisfactory, with minor ex 
difficulties 


ceptions Manufacturing 


were experienced in obtaining a con 
trolled amount of swaged lip. At 


present all parts incorporating the roll 
designed to allow 
bearing unit 


bearing itself 


swage me thod are 


replacement of the whol 


rather than the 


It is 


present practice to roll the li 
over as far as possible by operator feel 
until excessive resistance is felt. This 


technique has been found satisfactory 
for all materials listed in Table I. I: 
the initial production of some H-HTA 


isting parts with roll swaged bearing 
housings, an excessive number of 
swaged rings cracked during swaging 


As a result, the use of 
n roll 


discontinued 


H-HTA castings 
been 


swag ipplications 


has 





Fig. 6—Metallurgical characteristics of roll swaged sections of housing rings. (A) 


Typical structure for permanent in- 


stallation of bearings. (B) Typical structure after bearing push-out, which was found to be satisfactory for reswaging. (C) 


Deformation banding as a result of cold forging during swaging. (D) Shear defect that occurs with extreme swaging. 
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Table I—Definitions of Spring Parameters 





G =Modulus of torsion, psi 
d = Wire diameter, in. 
D = Mean coil dia at free height, in. 
D. = Outer coil dia at free height, in. 
H,, = Active soild height, in. 
Hy, = Free height, in. 
H, = Actual soild height, in. 
N = Number of active coils 
N, = Total number of coils 
P = Spring load, lb (Subscripts 1 and 2 refer to 
initial and final conditions, respectively). 

F = Deflection from Hy, to some height H 
C = Spring index = D/d 
S = Uncorrected max torsional stress, psi 
K = Stress concentration factor = 

4C -1 0.615 

4C —4 Cc 
S’ = Corrected max. torsional stress = KS 
i = Precompression factor 
s = Stroke of spring, in. 








Table 1l—Tolerances for Diameter of 
Bar Stock 


proach to 


Compression 


CALCULATION PROBLEMS for helical compression springs 
are of two basic types depending on whether or not the 
Having the 
that five independ nt parameters are fix d. For exampl 
to Table I for definitions, G D, N and H 


spring itself is given spring given means 


referring 


may be given. The remaining parameters and static chat 
| 
acteristics, that is, the loads and stresses at st fic heights 
then can be found readily by using th onventiona 
: . 
load-deflection rate Rpp, stress-deflection rate R and 
the load-stress rate Rps, wher 
j ( ’ | 
R ( 
s \ D \ 
\ ( j \ 
| | P )( F 
}? 
ki 
S & !) 
{ 
This type of problem, however, ts not th usually 
I 
encountered. More often, the designer must select a 
spring to satisfy given space and load requirements 


Table I1[—Wire Diameter Tolerances 






































, Tolerance, in. Tolerance, in. 
Bar Diameter, in. (Plus or Minus) Type of Wire Wire Diameter, in. (Plus or Minus) 
- Music Up to 0.026 0.0003 
Over 5/16 to 7/16 inclusive 0.006 ay 0.027 to 0.063 0.0005 
Over 7/16 to 5/8 inclusive 0.007 Becki ers 0.064 to 0.250 0.001 
Over 5/8 to 7/8 inclusive 0.008 oe te 
Over 7/8 to 1 inclusive 0.009 Carbon s Up to 0.075 0.003 
Over 1 to 1 1/8 inclusive 0.010 ro person} yon 
Over 1 1/8 to 1 1/4 inclusive 0.011 V tempered larger 
Over 1 1/4 to 1 3/8 inclusive 0.012 Valve spring quality Up to 0.148 0.001 
Over 1 3/8 to 1 1/2 inclusive 0.014 and alloy steel wire 0.149 to 0.177 0.0015 
Over 1 1/2 to 2 inclusive 0.016 c 0.178 to 0.375 0.002 
0.376 and larger 0.003 
1952 SAE Handbook 1952 SAE Handbook 
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Fig. 1—Sketch of typical compression 
spring that works over a rod and in 
a hole. Symbols used in this drawing 
are defined in Table I. 


Shide-" 





K. W. MAIER 


* a 
i 11 } Desi f } Springfield Armory 
(Now with Northrop Aircraft, Inc.) 


Usually he will be given the following data: facturing tolerances (Tables II-V) and the diametral in- 
crease that occurs during compression. In most cases, 


‘a) Spring material, characterized by its modulus of , : 
(4) Spring ali D, = 0.96 Doig is a good choice. 


torsion, G. 


(6) Diameter of the spring hole, D,,),., with the rod (2) Select the active solid height H, as close as pos 
diameter, D,.¢, to be determined. In some few cases sible to the final height, H,, considering the height of 
D,oa father than Dy», or both, may be prescribed. dead coils, Table VI, and manufacturing tolerances. For 

(c) Initial height, H, long springs, N > 50, and applications where longitudinal 

(d) Final height, H, space must be used to maximum advantage, H, = Nd 


(e) Some load requirement, P,. This may be the initial 0.90 H, is recommended. With springs having a small 
load P;, the final load P:, or the average load P if the number of coils and squared ends, the ratio H,/H» should 
static energy capacity of the spring between heights H, be 0:80, or less. 


and H, is fixed. - oe 
eet: sam : The effect of these estimates is to modify the initial 
With this type of problem, Eqs (1) — (4) are not in conditions to the following: 
convenient form since most of the given parameters, a-e, 





do not appear as independent variables. Also, the given (a’) Torsion modulus, G 
initial conditions can be satisfied by an infinite number (b’) Outer diameter, D, 
of springs and the designer must select from these the (c’) Active solid height, H. 
one that is best for his application. Normally, this can (@’) s=H,—H;: 

only be done by trial-and-error techniques, which are tedious (e’) Specified load 


at best. These indirect approaches can be avoided, however, 
by making the following estimates: These modified requirements can still be satisfied by 
(1) Select the outer diameter of the spring, D,, as close an infinite number of springs, since they are equivalent to 


as possible to the hole diameter, Dj,ie, considering manu- only four independent parameters. Thus, another can be 
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Height of Spring, H 
Fig. 2—Plot of spring load vs height for P; given showing 
various springs possible with different values of i factor. 


chosen at will to define precisely one spring. It has proved 
practical to introduce as the remaining variable, the ratio 


Fy Initial deflection : 


8 stroke 


This precompression factor, 7, is not a parameter of the 
spring alone, but of the spring and working range to- 
gether. Therefore, using the modified requirements a’-e’ 
and selecting a value of 7, precisely defines the spring. For 
designates the one possible spring which 


7 


example, 7 
has an initial deflection equal to zero. Similarly, 7 
the one satisfactory spring with an initial deflection equal 
to the stroke 


1S 


Selecting the Optimum Spring 


Since 7 is a factor of performance as well as of the spring 


limensions, its value should normally be selected to pro 
vide maximum life Extensive sinusoidal testing has 
proved that this involves the range from initial stress $, to 
t as well as the §, alone. There 
fore, the variation of S, and S, with 7 must be analyzed 


to find the most favorable value of precompression factor 


he final stress S$. value of 


Modified Formula for S, 

If the loading is constant, or as usually happens, it is 
applied at such low velocity of the moving end that the 
entire deflection is shared equally by all active coils at 
any one time, the stress deflection rate Rg» is constant and 


the initial stress can be expressed as follows 


Substituting s } F, into Eq (6 


Modified Formulas for S. 


In Eq (2), the stress S is expressed as a function of 
G. ad, D, N and F. It is desirable, however, to 
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more use 





Ss 


Stress, 














1 


w 


0 nN 
Precormpression Factor, i = 1 

Fig. 3—Effect of precompression ratio on initial and final 

stresses S,, Se and wire diameter d, for initial load P, given. 


the modified parameters G, D,, H P, and the precom- 
pression factor. To simplify the analysis the mean coil 
diameter D rather than D. is assumed to be given 

From Eqs (1), and (2) Sy can be expressed as 


au P 04 F, Of 
S 0.731 G°* s 
D? H, 


Since Eq (8) will vary with the prescribed load Pa, 
three possible conditions will be discussed separately 


Case ] Init al 4 ad Given 
> P, 

Substituting - , Fs F, + sand 
I Fy 


F,/s into Eq (8 


wom on YC.) 


This equation shows the variation of S$, with precom 
pression factor. Holding parameters G, D, H,, s and P, 
constant, the load is plotted in Fig. 2 against the height 
for several possible springs 

The curves of Fig. 3, show how the initial stress (Eq 7), 
final stress (Eq 9) and wire diameter d vary with values of 
i from zero to two. These curves indicate three things 
(1) of all springs that satisfy the initial requirements, the 


P, 
D 


one with 7 2/3 gives the minimum final stress 


im Cahca) 


However, this minimum is not pronounced; springs with 
i from 0.5 to 1.0 have stresses that are equal to Sonim for all 
practical purposes. (2) The initial stress increases rapidly 
with increasing values of /, but the stress range $,—S, 
decreases. (3) As # increases, the wire diameter decreases 
Thus the allowable design stress increases because of the 
greater torsional strength of thinner wire. The 
concentration factor K also decreases as / increases because 


P, 
Db? 


stress 
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Fig. 4—Effect of i on S, and S: is shown for P, given by 


solid curves and for P given by dotted curves. 


of the larger index, resulting in a lower corrected stress 

To these three observations are added the fact that D 
rather than D is normally given and there probably will be 
a slight set during operation. Taking D, as constant, as it 
should normally be, shifts the S. curve slightly to the right 

It is concluded that springs with / 1.0 will give the 
1 thus the maximum life for 


best and 
all springs in the range of 


stress distribution, 
conditions However, 


0.5 to 1.5 can be considered satisfactory 


static 


Case Il Final L id P, Given 
Rew riting Eq (3) to include the precompression factor, 
with P, given, the final stress is 


oom BIG (HY a 


F MECHANICAL PARTS AND DESIGN ANALYSIS 


Using this equation and Eq (7), the solid curves 
in Fig. 4 show the stresses S$, and S, versus / for this type 
of load specification. From these curves, it is seen that 
among all the possible springs, the one with / — O gives 
the minimum final stress. It is 

O4 2 06 
May a 


Bout 0.731 cos( 2. 
| H., / 
that as 7 


Furthermore, it is the initial 
stress as well as the final stress increases, with the range 
stress (S,-S,) decreasing only slightly. For example, with 
i = 0.5, an initial deflection half as large as the stroke 
the final stress is already 27 percent larger than the mini 
mum value. Thus, when the final load P, is given, it is 
desirable to keep i as small as possible to get maximum 


seen increases, 


life. In practice, 0-0.3 is a favorable working range 


lil Mean L ad Given 


As in the two previous cases, the equation for S, is modi 
fied. Substituting 


Case 


P - r F,=F,+8, and F i into Eq (8 


: =0.781 Gl le] [ : TT 1 +i | 
S 0.7: 7" ; - a 2 
D L H, 0.5+-1)°4 


The dotted curves in Fig. 4 show S, and S. versus / as 
derived from Eqs (7) and (12). From these, it appears 


that again / 0 gives the minimum final stress 


5 \04 of 
Semin 0.965 a0 ( ) ( : ) 13 
D? H 


Since the stress range again decreases but slightly as i 
increases, it is recommended that the precompression factor 
be kept as small as possible. The maximum value for 
most applications should be 0.5 since this corresponds to 
an increase in final stress of 15 percent above the minimum 

Having selected a proper value for i 


the next step is to 
determine the dimensions d, D 


N and H, of the selected 


spring from the given data, G, D,, H,, s, P and i. There 
are several methods of calculation that can be used 
However, to save time and effort, it can also be done 


graphically. This has the added advantage of showing the 


relationship between spring values, for all possible springs 
I I I prin, 


Table VI—Effect of End Conditions on Height and Number of Coils 








Ends plain, not ground Ends plain and ground Ends squared, not ground | Ends squared and ground 
H, = 101 d(N; + 1) H, = 101 dN, H, = 101 d(N,; + 1) H, = 1.01 d(N, — 0.5) 
H./H, = 0.99 —1/N H./H, = 0.99 —1/N H,/H, = 0.99 — 3/N H./H, = 0.9 — 15/N 
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Design Chart 


Introducing D,, H, and C into the basic formulas by 
using the relationships 


D d+D 
He Vd 
( D/d 


transforms Eqs (1) and (2) into the following form: 
4 ; | 
} Gl a 
D- 8 i (3 (Cc +1) 
; 
S ( . ) ( . ) 15 
r H, \ C4 


The ratios F/H, and P/D,? which appear in these for 
mulas have natural meanings and are given special desig- 
nations. The ratio of deflection to active solid height, 
F/H, is defined as “specific deflection.” The ratio of 
load to square of the outside diameter, P ‘D,? is called 
“specific load. The latter can be thought of as the 
flow of load through the cross section of an area equal 
to D,? in magnitude 

For any deflection and load combination, the correspond 
ing values of F/H, and P/D,? can be found since H, and 
D, are included in the modified parameters a’-e’. Therefore, 
Eqs (14) and (15) represent a system of formulas with 
only five variables, G, C, F/H,, P/D,? and S; when any 
three of these are given or assumed, the remaining two are 
fixed. Fig. 5 which is a graphical solution for these two 
equations can thus be used to complete the design 


Description of Chart 


The chart is divided into two related parts. In the lower 
diagram, G is the ordinate and specific deflection F/H, 
is the abscissa. In the upper chart the ordinate and 
abscissa’ are stress § and spring index C, respectively. The 
P/D,? relationship is represented by a family of slightly 
curved lines inclined at approximately 55 degrees. The 
family of straight lines extending over both diagrams with 
an inclination of >) deg represents constant values of 
a factor that is a function of both F/H, and G. The 
proper value of F/H, can be read at the intersection of 
these sloping lines with the corresponding G-line in the 
lower diagram. Thus, this family of curves serves as a 
means of going from the lower to the upper graph or 
vice versa 

Each spring is re presented in the chart by two lines 
the horizontal G-/ime in the lower diagram, and the verti 
cal C-/ine in the upper one. This relationship, however, 
is not reversible. A given combination of lines does not 
represent one spring alone, but actually an infinite num 
ber of them with various combinations of outer diameter 
active solid height, and free height. The usual procedurc 
for using the charts consists of locating a given value of 
specific deflection within the lower diagram, following it 
vertically to the G-/ine, then along the —45 deg lines into 
the upper diagram. The intersection of this sloping lin 
with the appropriate value of P/D,? gives the magnitude of 
the stress and the spring index. The remaining data can 
then be calculated readily. This procedure can be used for 
both of the basic types of calculation problems—with or 
without the spring itself given 
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EXAMPLE: Considering an example of Case I, that is, 
P, given, the following initial requirements are assumed 


G ll 5 & 10" pst 
D pote 1.25 in 

H. = 5.5 in 

Hy 11.5 in 


P, = 72 lb 


Converting these into the modified requirements 


(y 11.5 x 10° psi 
D 0.96 Dict 1.20 in 
Be 0.90 Hs 5.0 in. 
Hy Hy 11.5-5.5 6.0 in 
P, = 72 lb 
Selecting i = ® 
F 1+% 12 
: 4 
He He 5 


m= ()(2)-(2)(3)-0 


Following the procedure outlined previously, these two 
values are used to locate point X on the design chart 
Projecting this point it is found that 

7.70 
Ss 148,000 psi 


( 


} 


The other required values can be calculated 


D 1.20 
0.138 in 
( l 8.7 
D D l 1.20-0.138 1.062 in 
5.0 
\ H,/d 36.2 active coils See Table VI to 
0.138 


get actual number of coils 
Reps P,/t P/F: 72/6 12 Ib/in 

F, 61n 

H H, + F, 11.5 + 6.0 17.5 in 


The same general procedure applies where Pz or P is 
given. The only difference being that F,/H, and P,/D,? 
will probably be calculated on the basis of 7 = 0. In any 
case, it may be desirable to evaluate the effects of small 
variations in / from the three values elected as ideal for 
each type of load specification. This can be done by finding 
new X points. See heavy line on upper chart. Alternately 
a transparent indicator like Fig. 6 gives the path of 
point X for the family of springs defined by the range of 
i values shown. To use the indicator, one X point is 
located as outlined previously, and the corresponding 
values on the indicator and chart superimposed. The indi 
cator is adjusted so that the / scale is parallel to the S$ scale 
on the chart 

For most applications, the accuracy resulting from thes« 
graphical techniques are adequate. However, when prepat 
ing the final specifications and drawings, it is preferable 
to use Eq (4) to accurately calculate the rate and loads 


\ 


for  giverr 





a, ae Se 
0 C 

Prec mpressir Factor, i = 

Fig. 6—Transparent indicator. Curve for Ps given is not 

shown since it coincides with the line P./D," constant. 
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Unusual Uses for 
HELICAL WIRE SPRINGS 
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SPRING BELTING (left). For low — 
power transmission at high speeds. WZ” Ml ——— 

Allows a certain amount of varia- Wa da || mms € 
tion in the center distance and ab- 
sorbs inertia forces. Spring ends 
ean be joined smoothly by using a 
smaller internal spring as shown on 
the following page. 














ELECTRICAL FITTING (right). 
An inexpensive lamp or fuse socket 
which insures proper contact even 
when subject to moderate vibration. 
Small threaded parts also can be 
joined in this same way. 





SCREW THREAD INSERTS (left). 
Wire with diamond cross section. 
For tapped holes in light alloys and 
plastics. Are made of stainless steel 
for corrosion-free threads. Can be 
used to renew worn-out tapped 
threads. 








ROTATING TYPE OIL SEAL 
(right). Uses helical wire spring to 
exert a radial force on the packing. 
Friction is kept to a minimum and 
efficiency is high even at high shaft 
speeds. 
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\ — FRICTION RATCHET. Spring rotates shaft when pulled 


"Nt in the a direction, but turns freely on the shaft when 
\ ¢ pulled in the opposite or 6 direction. 
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FLEXIBLE SHAFT. Inner springs serves as shaft, outer 


WORM GEARING. Used on low power transmissions. one as a casing. For single direction of rotation unless 
Allows a certain amount of misalignment between worm shaft consists of two or more springs wound in opposite 
and wheel. Wheels are best made from laminated plastics. directions. 
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A selection of practical applications that are characterized by the func- 

tions served in each case by the helical wire spring. The spring rate 

property is put to use in most cases, but not in the axial loading sense 
~ that represents the more common applications for which these types of 
9 springs are employed in industrial products, 


HAIM MURRO 
Bayonne, N. J 





Terminois . _ 
; 





SENSITIVE STICK (left). Round 
conductor bar is mounted within a 
spring fastened to insulators to 
serve as an electrical switch. Deflect- 
ing the spring laterally completes 
the circuit. Can operate relays or 
alarm and can be made with inter- 
mediate insulators where consider- . 
able length is required. 


lnsu/otors 
a 


THREAD MEASURING GAGE 
(right). Dimension d allows calcu- 
lating the effective dia of thread. 
Pressing the loops releases the bolt 
to be unscrewed. Can be used on 
fluted parts like thread taps. 














FLEXIBLE CHUTE (left). For feed- 
ing small articles from hoppers to 
automatic machines. Spring can be 
, wound in different shapes as re- 
quired by the articles being han- 


dled. 


TUBING REINFORCEMENT 
— (right). Gives plastic or rubber tub- 
ing added rigidity as well as protec- 
tion against mechanical damage. 
Can be cast inside rubber as shown 
in lower sketch. 

















LL 


~e ELECTRICAL CONNECTION for small, light products SMALL SPRING connects ends of larger spring with a 

_ like hearing aids uses a special probe that is easily in- thread-like action. Useful where external projection can- 
serted between coils of spring which is a conducting not be tolerated, like the spring-belting on opposite page. 
material. 











less SHIELD FOR ELECTRICAL WIRE AND CABLE. Pro- SMALL DIAMETER SHAFT COUPLINGS. Allows for 
site vides wear resistant covering for wires and protection some misalignment and can be used with shafts or un- : 
against physical damage. equal diameters. For single direction of rotation only. : 
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; ° , 
: irteen W ays to Use . 
; Sketches serve two purposes: (1) Illustrate unique as well as typical applications; | ( 
: $USSOSSS SEES ESOS ee TEES Ee SEES SESe SESE SEES SSESEEES ts HOSSESESS SESS ESSE REESE sOSESeSSEEeeeSeEeEEESSES st AESESSESSSSSSeSeeeeeeES ceceeceeecesececeeeecesescoeeeseceeseseesesesseesail 
: ae ae 

= 

: eS 

a 

: Applied G horse = = 

H pressure valve — = 

: >: 

: N 

fas | FIG 3 : 

: FIG 1 METERING DEVICE. Dispensing 

: ACTUATE GAGES and _ switches. FLOW CONTROL. Variations in machines can use bellows as con- ) 
: Pressures can be as high as 2,000 pressure adjust needle in flow valve. stant or variable displacement pump 
: psi. Maximum value should exist Also shows how bellows can be pack- to measure and deliver predeter- ) 
: when the bellows is near free-length. less seals for valve stems and shafts. mined amounts of liquids. ' 
: 1 SOSSSSSSSSSSSHS CSSSHSSS F SSSSSSSSSSSSSSSSS VSSSSS F SHSSSSSSHSSSSSSSSSSHHSS & SHSHSSSHSSSSSSSSSSHSTSS F SHSSSSSSSSSSSSSSSSSHSSS F SSSHSSSSSSSSSSSSSSSSSSS s CESSES seSseseeeeeeeeseE seg seece 
: =... ae — il al || 

pf = = ANA 4 

H H = : HM 

ff ‘ 

: i Movernent 

st Y 

: H H 

: H > ll s 

: FIG 7 ql 

: Ht FIG 6 sails 

: — _ FLEXIBLE CONNECTOR. Suitable for wide range of applications from in- 

: ABSORB EXPANSION OF FLUIDS OR struments to jet engines and large piping. Bellows absorb movement caused 

: GASES. Transformer (above) uses bel- by thermal expansion, isolate vibration and noise as well as permit mis- 

: lows to absorb increases in volume of alignment of mating elements. Wide variety of sizes and materials are now 

: oil caused by thermal expansion. Single possible. Units are now in use from 4 to 72 inches in diameter, made 

: controls of this type can operate from from such materials as brass, phosphor bronze, beryllium copper and 

: -70 to 250 F or from 0 to 650 F. stainless steel. 

: (Wha —) P F 

b4 Evacuated 

: a, FIG 11 = Pressure 
en tim : 

: | VB 

: eee A (1, PUUUUUUL it 

: = m UU 

H Z j<— ven = Ne 

; eves iN j : VN <> 

: Y Ul PUMA UU 

: R soe FIG 10 PRESSURE MOTOR. Similar to Fig. 2. 

: PRESSURE COMPENSATOR. Effect of ambient pressure can be eliminated Bellows used instead of piston and 

: in a pressure measuring system by matching the area of a pressure bellows cylinder arrangement. Eliminates ef- 

: with that of an aneroid and combining the two into a single assembly. fects of leakage and friction. Long 

: Errors caused by ambient pressure can be held to a max of one percent. stroke can be provided with sensitive 

: Present materials permit aneroid operation from —70 to 450 F. response, 
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E. PERRY CUMMING : 
I : =m . 
e ta 1¢ OWS Bridgeport Thermostat Division H 
) Robertshaw-Fulton Controls Compan : 
(2) Show how the movement of bellows can be transferred to other elements. : 
FIGS : 
—» : 
AS ; 
YY : 
° i Y : 
RON : 
| Mens : 
— | atin . 
ame | r / 
—a\] - 
FOR PEPEER EEL B LEER EEE Atacand : 
FIG 4 | : 
FLEXIBLE COUPLING. Bellows can transmit torque HERMETIC SWITCH. Bellows provide a gas tight = 
through oblique shafts with negligible amount of back- flexible member through which motion can be trans- 
lash or can be used to transmit circular motion through mitted into a sealed assembly. Flexibility and long life : 
the wall of a sealed container as shown above. are important characteristics of these elements. : 
2 
J JU : 
( Lin 
VU — : 
| ; 
Sof | 
FIG 8 4A FIG? | 
SEALED ADJUSTMENT. Accurately calibrated adjust- VAPOR PRESSURE THERMOSTAT. Small dia bellows ; 
ments inside sealed instruments are possible by means of offer large movement over a relatively small, adjustable : 
single or compound threads. To meet varied installation temperature range. Can be filled so as to be unaffected 3 
requirements, bellows are available with ends prepared by over-runs in temperature. Compensation for changes : 
for ring or disk end plates of standard or special design. in ambient temperature is unnecessary whether this : 
These plates are fastened by brazing or welding tech- temperature is above or below the value selected for con- : 
niques. trol purposes. : 
PSSST SSCS ESSE E SEES EER EEE EE TEESE TEESE REESE TES EEE SESE SESS SESS SSS EEEEE SE CESSES REESE ETERS EEEEEE FERS E TEETER EERE RRR REESE ST Ree eee ee eee Seeeeeeee oe See este reeee seeeeee : 
. ta “ 7 Of v i : 
-_ = ' 
' W ; \. ye Sos ~ vd! 4 
rT We. 
lar ba rte 
pases i 
\ cc <a = tees 
mae — 
— ae FIG 13 
hrm Jit 
FIG 12 2=—T[ To ry iD 
TIME DELAY MECHANISM. A check AMBIENT TEMPERATURE COMPENSATION. Two methods are shown. 
valve and proper size bleed hole be- The left one uses two bellows in the actuating system. One is driven by the 
tween two liquid filled bellows allows compensating assembly and correctly positions the actuating bellows as 
fast motion in one direction and slow ambient temperature changes. The other method uses a floating lever whose : 
motion in the other direction. mid-point is positioned by both the actuating and compensating bellows. : 
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Developments to Watch 


NYLON GEARS AND BEARINGS 

. . Nylon parts have come a long 
way in a few years and present indica- 
tions are that they have a bright future 
Design are learning that 
nylon is more rugged and capable of 
transmitting much more power than 
they previously realized. In fact, tests 
have proved that in some applications, 
it out-performs and outlasts any other 
material—plastic or metal 

When using nylon for load carrying 
members failure is gov 
erned by: basic soundness of the ap 
plication; proper design; and good 
molding The molding 
technique was the reason for early 
failures of nylon bearing races. Re 
search into the techniques of molding 
has solved many of the problems, mak- 
ing nylon races as sound as metal 

The primary reason for using ny 


engineers 


success or 


tec hniques 


lon parts are their lower costs, inherent 
lubricity, excellent resistance to wear 
and abrasion and/or excellent 
ficient of friction. The most outstand 
ing property for heavy duty applica 
tions is its However with 
parts such as gears, use of this plastic 


coet 


resilic nce 


ts ability 
and 
amount ol 


may be justified because of 


to absorb vibration, reduce 
operate with a 
lubrication 


noise 


minimum 


Many bearing applications are made 


DeCcaUuse indefinitely 


without a lubricant if designed proper 


nylon can operate 


ly. Several installations are 


now oper 
ing at 20,000 rpm with only a film 


of light oil at the time of assembly to 
reduce the 


wear rate during the break 
in period. In service, nylon gears and 
bearings do not fail from abrasive 


wear but from excessive loads or tem 


peratures 


For 


FLEXIBLE COUPLINGS. 


use in connecting metal tubing where 
there is vibration, minor tube move 
ment or mechanical shock, flexible 


ouplings appear to be an answer. They 
should be especially useful for fuel, oil 
ind hydraulic that 
must withstand high engine speeds, 
shock and exc 


line connections 


great ssive vibration 


Research on tubing failure resulting 


from vibration indicates that most 


failures occur by fracture at the point 


of connection. These fractures in al 
most every instance, are found to be 
wused by either fatigue of the metal 


and crystallization resulting from con 


stant vibration and shock or to distor 
tion of the 


joint 
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tube in fabrication of th 


Features claimed for the fittings are: 
almost indestructible by vibra 
tion and will withstand considerable 
mechanical shock; eliminates the need 
for more expensive flexible hose lines; 
can be used with seamless and seamed 
tubing; and can be connected and dis 
connected repeatedly without danger 
of leakage 

Some flexible couplings incorporate 
a sleeve of special composition elastic 
sealing material to effect a seal and 
form a cushion between tubing and fit- 
ting The sleeve permits the tube to 
flex back and forth in the fitting at the 
same time assuring a positive pressure- 
tight seal. 

The sleeve used in the flexible joint 
is suitable for use with most liquids 


points 


and gases, including gasoline, oil, 
diesel fuel, grease, vacuum air and 
water. Its temperature range is from 


sub zero to 250 F. The joints are for 
low and medium pressure applications 
up to 1,600 Ib per sq inch 


BALL BEARINGS. . . 
ly bearings were available in two pro 
commercial and pre 
cision. Now a third production type 
has been added, a two point ground 


Until recent 


duction ty pes, 


commercial ball bearing. The need for 
this third type has long been re alized 
especially in the automotive industry 
where overdesign or borderline design 
results in many installations through 
use of a precision or commercial 
bearing 

The two point ground commercial 
can be used where overdesign has re 
sulted through use of precision type 
bearings and borderline design through 
use of ground commercials. Cost of the 
will lie the 
older types. They will be available in a 
wide range of types and sizes 

Changes in the arrangement of balls 


~ 


consist of providing 2-point, 3 


new units between two 


point or 
i-point mounting. In a bearing with 
two points of contact, there are only 
two points on each ball that are in con 
tact with the race. A 3-point contact 
bearing is the standard, with a single 
contact point at either the inner race 
or outer race and double contact points 
on the opposite outer or inner race 
contact are 
wh n extreme rigidity is necessary and 
when the best anti-friction operation is 
F secondar 


Four points of used only 


of s importance 


Schatz Bearing Company, Pough 
presently 


keepsie, New York, is { 


plying two point ground bearings to 


sup 
several automobile manufacturers 


Product 


MINIATURE BALL BEARINGS. 
. . . One type of bearing that has come 
into its own within the last few years 
is the miniature ball bearing with bores 
down to 0.025 inch and outside diam- 
eters as small as 0.100 inch. Maximum 
bore for these bearings is about 3 inch 
Above this, the bearing is considered 
a standard unit. Some manufacturers 
of miniature units are: Miniature Pre- 
cision Bearing Inc., Keene, New Hamp 
shire, New Hampshire Bal! Bearing, 
Landis and Gyr, New York City, Mar- 
lin-Rockwell Corp., Jamestown, N = 
Norma-Hoffman Bearing Corp., Stam 
ford, Conn., and New Departure Div 
Bristol, Conn 

Reasons for the advancement and 
development of these components are 
two: (1) development of the ball point 
pen industry which made available pre 
cision bearings at very low cost; (2) 
the increasing interest in the develop 
ment of precision control devices, in 
struments and similar components 

The present day emphasis on minia 
turization of assemblies to bring about 
compact, lightweight designs raises the 
need for efficient and reliable minia 
ture components. Small bearings permit 
minimum space and weight with all 
the advantages of a ball bearing’s anti 
friction quality. For a given load and 
for minimum friction torque, minia 
ture bearings offer certain advantages 
in the design of precision products. Be 
cause of their small size with high load 
capacity, greater speed with lower in 
ertia forces is possible. These advan 
tages together with the savings in 
weight, space and friction make these 
bearings an important factor in the de 
sign of precision mechanisms 

At the present time, these bearings 
are produced mainly precision 
ground and honed races. There are as 
yet, no industry standards on size, bore, 


with 


breakout or running torque or other 
factors. Low commercial bear 
ings are not being manufactured in the 
miniature range although some units of 
this type have been made in Switzer 
land 

Precision ball bearings serve the 
same purpose in fine, delicate mech 
anisms as do larger precision anti-fric 
tion bearings in more massive equip 
ment. They permit accurate alignment 
long wear and freedom from servic 
They are used in instruments in 


cost 


ing 

continuous operation such as_ the 
drive movements of recorders, time 
locks, barometers, valves, metering 


devices, and in military gear 


Engineering — 1954 Annual Handbook 








Their use for commercial products 
should broaden rapidly especially as 
costs are lowered. 


AIRCRAFT BEARINGS. ... A new 
aircraft bearing has been developed by 
Fafnir Bearing Co. that is claimed to 
have a capacity about 21/, times that of 
previous types. This means that a 
smaller, lighter bearing than formerly 
required can be used to carry a given 
load. 

The unit is a double row width, self 
aligning, roller type bearing. The roll- 
ers are barrel shaped. The added ca- 
pacity of the bearing despite their 
smaller size and lighter weight is 
caused by the larger roller to race con- 
tact on both inner and outer races and 
close-fitting inner ring side flanges that 
keep the rollers in precise alignment. 
Other features cited for this bearing 
are: 

* Self-aligning that permits a mis- 
alignment of 10 deg in either direction 

* Hardened back up rings act as 
positive stops at point of maximum 
misalignment 

* Extended length of inner ring be 
yond outer ring face eliminates need 
for spacers 

The new bearings are interchange- 
able with the present double row self 
aligning units, however, their current 
cost is higher. Quantity production 
should bring costs in line with present 
units 


RATING CONTROL BEARINGS 

. . A completely new approach to 
the problem of rating aircraft control 
bearings for any particular applica 
has been advanced and recom 
mended to industry. This new rating 
system is said to simulate more closely 
actual operating conditions than previ- 
ous methods 

Control bearings are usually selected 
on the basis of the non-brinell load 
Values that less than the non- 
brinell value for any bearing were con- 
sidered safe and that brinelling or de- 
formation of the bearing did not exist 
Recent investigations indicate that there 
is a definite deformation even at non 
brinelling loads 

The new method of selecting bear- 
ings is based upon the static loading. It 
was determined that static loading con- 
siderably in the old non 
brinell loads could be applied without 
affecting the smooth operation or life 
endurance under normal loads and os 
cillatory encountered in air 
frame applications. The non-brinell 
system ignores the importance of bear 
ing life under normal operating loads 

Life requirements vary greatly in 
different airplanes and in different lo- 


tion 


were 


excess of 


motion 
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cations in any one airplane. The old 
system made no distinction among the 
variety of uses for a particular bearing. 
In many instances, this resulted in add- 
ed weight and expense since the avail- 
able capacity or life of thee bearings 
was seldom fully used. The new system 
incorporates load-life data to permit se- 
lection of the smallest bearing that will 
operate under the normal loading for 
a desired life. 

New ratings were developed as the 
result of three years of intensive re- 
search and careful testing through a 
joint effort by the Bureau of Aeronau 
tics, United States Air Force, National 
Aircraft Standards Committee and the 
Anti-Friction Bearing Manufacturers 
Association. 


SHEET METAL GEARS. .. . Con- 
siderable interest is being displayed in 
the development of large, laminated 
sheet metal parts as gears, sprockets, 
levers and hand wheels as replacement 
for forged and cast units. Several com- 
panies are presently building equip 
ment using sheet metal parts at an 
overall cost reduction of 20-25 percent 

In the manufacture of sheet metal 
gears for example, the gear is formed 
in a single operation by stamping. In 
some instances the gear teeth can be 
shaved. The 4 in. thick stamped sheets 
are then spot welded together, a cen- 
ter shaft hole punched and a standard 
hub welded to the gear. 

Gear diameters range to a maximum 
of about 10 in. and any size standard 
hub may be joined to the gear depend- 
ing upon the shaft diameter. Maximum 
gear thickness is about 114 in 

At the present time about 100 rpm 
is the maximum speed that can be used 
without excessive gear chatter or mis 
alignment. Of necessity, gear tooth 
loadings must be kept low. However, 
many machines meet these require 
ments, such as packaging units, and a 
substantial cost reduction is possible 
without reducing machine operation or 
service life 


SILICONE PUTTY. Silicone 
has been making news for years in one 
form or another. The latest develop 
ments are a slip clutch and a flexible 
coupling that use the unusual silicone 
material which is plastic and free-flow- 
ing at low stress but shatters like glass 
with sudden forces 

The basic principle of these develop 
ments is that the putty will shear under 
a sudden force but will flow together 
again when the force is relieved. The 
slip clutch is designed to prevent over 
load and shocks, for starting heavy 
loads, for absorbing torsional shaft vi 
brations and for delivering impulse 
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free power. The flexible coupling is 
designed to compensate for both angu- 
lar and offset misalignment. The sepa- 
rate function of both the slip clutch 
and the flexible coupling can be com- 
bined into a single unit 

In operation when the driving shaft 
of the slip clutch starts to rotate, the 
initial torque shears the putty Almost 
instantly, however, the silicone flows to- 
gether and starts to rotate the driven 
shaft. This process of shearing and re 
forming continues until both shafts 
are rotating at the same speed. By ad- 
justing the pressure on the putty, it 
can be made to shear at any load, above 
which it will not have sufficient ad 
hesion to drive. At the same time, the 
silicone will absorb torsional vibrations 
and sudden impulses 

The operation of the flexible cou 
pling is very similar, except that means 
are provided to compensate for the 
misalignment by displacing the soft 
silicone putty 


TRIANGULAR SHAFTS. ... U.S 
designers are discovering that triangu 
lar shafts offer a way to get rid of 
keys or splines when attaching mechan 
ical components like pulleys, sheaves, 
etc., to shafts. Instead, the component 
with a mating three-sided bore can be 
slid on the shaft and held in place by 
an ordinary retaining ring. There ap 
pears to be widespread possibilities for 
such shafts in the machine tool, auto 
motive and aircraft industries 

Triangular shafts are not new to 
European engineers, particularly in 
Germany where the K-profile (fore 
runner of the triangular shape) has 
been studied for about 15 years. Previ- 
ously the main objection to such shafts 
was machining both for the shaft and 
the mating bore. Apparently most of 
the fabrication problems have been 
solved with the development of the 
Manurhin Polygon Grinder (Product 
Engineering, June 1953, p. 155). This 
machine can turn out the triangular 
shaft and grind a triangular internal 
bore on the same center 

There are several reasons why tri 
angular shafts are being studied so 
closely. Production costs, compared to 
a keyed shaft reduced consid 
erably by eliminating slot milling 
operations. Also there's a maintenance 


can be 


saving involved; it's easier to remove 
and change a component held in plac« 
by a retaining ring than to 
work a key out 

One 


answered soon 


have to 


may be 
Can triangular shafts 


de sign question 
carry the torque and load as well as a 
keyed circular shaft. Analysis programs 
at Curtis Wright Aeronautical Corpora 
tion, Wright Field, Caterpillar Tractor 
Company should supply the data 
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HOCK VIBRATION 3 sccicoeee ses 


application of equipment for isolating shock, vi- 


bration and noise. This pictorial index of Barry 
products will help you find what you wont. 





NEW ALL-METL VIBRATION ISOLATORS NEW UNIT VIBRATION ISOLATOR 


Types M44 and M64 .. . have non- 


Type 915 . . . to isolate vibra- 
pac king, wire mesh damper meet A if i . ; 
le t Government ecih tior tion and noise caused by high- 
> » » spec ms 
ates yovernmen I catic speed motors, motor-generator 


for airborne electronic equip- 
ment; ruggedized: light weight, 
operate over wide tem pe rature 


range. ASK FOR BULLETIN 53 


sets, and rotating machinery; 
load ratings to 200 pounds. 
ASK FOR BULLETIN 532 


AIR-DAMPED VIBRATION ISOLATORS ISOLATORS for VERY LIGHT LOADS 


Types 780( JAN#2).770(JAN#1). 
and 6475 (Miniaturized) 

to protect airborne equipment; 
meet latest Gov't specifications: 
give maximum protection under 





Small, rubber, vibration isola- 


tors for light-duty, low-cost 

j service: load ratings from 2 
ounces to 9 pounds. 

ASK FOR CATALOG 504-8 


RACKS and MOUNTING BASES SHOCK MOUNTINGS — CUP TYPE 


To meet dimensional and 





normal service conditions 


ASK FOR CATALOG 523-A Se 


material requirements ot - To absorb high-impact shocks; 
JAN-C-172; also special “ ‘ \ N equal stiffness in all digections; 
sizes to fit customer's 4 . self-captivating metal parts; steel 
needs: built with AL! co! or aluminum shells; load ratings 
Mert or Air-Dampep unit : to 1800 pounds. 

Barrymounts. ~* ASK FOR CATALOG 504-B 


ASK FOR CATALOG 523-A 


SHOCK MOUNTINGS — PLATE TYPE 


Particularly suited to mount 
mobile communications equip- 
ment, shipboard equipment, and 
- in vehicular use where shock pro 


INSTRUMENT MOUNTINGS 


Type 990 .. . a general-purpose, 
low-cost vibration isolator that is 
particularly good for protecting 
laboratory and industrial instru tection and high stability of 
ments. ASK FOR CATALOG 504-B Ss mounted equipment are required. 

ASK FOR CATALOG 504-B 





SHOCK-TESTING MACHINES COMPLETE ENGINEERING SERVICE 


®@ Application engineering — Our Field Engineering 
service gives you the full benefit of the widest practical 
experience, backed by complete testing and develop- 
ment laboratory facilities. 


Types 150-400 VD and 20 VI 
4 produce the types of 
shock required for Covern 


ment acceptance testing if ; 
k t @ Development engineering — When a totally new 

airborne equipment specif 

] a od design 1s needed, our engineers can analyze your prob- 

cally designed for uniformly 


lem and develop an isolating system to solve it 
reproducible shock testing in , 


© Consulting engineering — Barry engineers can set up 
and carry out scientifically designed tests to learn how 
shock and vibration affect your products, can tell you 
how to protect your equipment, and can help you solve 
a variety of problems in shock and vibration. 


development engineering and 
quality control work 


ASK FOR BULLETINS 533 and 535. 





THE BARRY CORPORATION [ZZ rtcasant st., watertown 72, mass. 


Let the nearest Barry representative help you in every phase of your shock, vibration, and noise problems. 
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ORANGE 
ROLLER 
BUSHINGS 


Maximum 
load capacity 
in small space 






needle bearings 
long-life oper 
parts in your 
clear- 


_. these space-saving 
to provide friction-free, 

rating and oscillating 
Closer internal running 
e possibility of misaligned 


tion of ro 
equipment. 
s minimiz 
t,even run- 
y 6” to 


ance 
rollers. Quie 
ning. Stock sizes 
8” shaft diameters. 
re” ¢ 
4 oO ” 
dletsnes” 







Shaft 


showing dimensi 
apacities, shaft and housing 
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your Engineering 8 

te our Meld engineers Problems 

idl canon Ou sogneving err 
for recommendation, ey 












Pry 
we high load 
Ce is lim Cc 
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L ROLLER BEARINGs 


apacity 
$ shafts ¢ 


Shaft d 
lamete de 
eters, rs. Sizes aie 
“4 to 4” 









where 
loon retin 
se together 







ORANGE ‘srcseee2" ROLLER BEARINGS 


ad views show how staggered rol- 
ler arrangement distributes load 
many short rollers. This also 


ORANG 
THRUST 
ROLLER 
































over 
prevents skewing tendencies of 
long rollers and provides more BEAR 
even running- These features often NGS 
permit use of smaller sizes— Designed a 
always assure longer service life. Port for ch Provide mon 
and 300 series. Available “tg hg with aan roller sup 
SIgMS and sj inimum wear 





Full range in 200 : 
in 

& requirement 

Ss. 
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GRAPHALLOY consists essentially of graphite and metal. 
The GRAPHALLOY process was patented forty years ago 
and the name GRAPHALLOY has been the copyrighted 
trademark since that time. While GRAPHALLOY has been 
manufactured by this Corporation for the past forty years, 
recent developments have added materially to its proper- 
ties. New grades are being developed. Babbitt, Copper, 
Bronze, Silver, and Cadmium GRAPHALLOY are provided 
regularly, and other grades are employed in special situa- 
tions. All applications are carefully engineered to your 
design requirements, and all parts are accurately finished. 


FOR DRY APPLICATIONS 
WHERE OIL CANNOT BE USED 


1. Extremely heavy duty, low speed machinery, particu- 
larly with vibration, where oil or grease lubricants would 
squeeze out. 


2. Medium speed, medium duty bearings where lubrication 


is impossible, impracticable, or where oiling schedules are 
generally neglected; or where lint and dust would be drawn 
into oil-lubricated bushings, with consequent abrasion of 
bushing and of shaft. 


3. At low temperature where oil would solidify, at high 
temperature where oil would volatilize, or where oil would 
contaminate the product. 


SUBMERGED APPLICATIONS 


1. Pump bushings and seal rings submerged in water, sea 
water, gasoline, acids, dyes, or food products. (GRAPH- 
ALLOY is inherently stable—no swelling due to submersion. ) 


2. High speed applications under special conditions. 


for your 
“TOUGH” 
bearing 
requirements 





TYPICAL GRAPHALLOY 
APPLICATIONS 


eee Ovens, Kilns, Driers, Stokers, 
Conveyors and Turbine Safety Bushings. 


AT MEDIUM TEMPERATURES Bushings for Instruments, for 


Textile, Printing, Food and Dairy Machinery, Pump Bush- 
ings,and Vanes. Inaccessible Bushings as in blowers and 
fans. Foot and Guide Bearings, Thrust Washers, Cam Rol- 
lers, Piston Rings, Friction Discs, Seal Rings, Rotary Joints. 


AT LOW TEMPERATURES Oxygen Pumps, Potentiometers, 


Timers, Outdoor Signal Equipment and Airborne Servo- 
mechanisms. 





OTHER GRAPHALLOY PRODUCTS 


BRUSHES CONTACTS £2" :22Vcsow royucing tw, 
J 


drop, high current density and mini- 
ae mum wear. Used for SELSYNS, 
. DYNAMOTORS, SYNCHROS, RO- 
q TATING STRAIN GAGE pick-ups 
and many other applications. Brush 
Holders and Coin Silver Slip Rings 
also available. 


®Trademark Reg. U.S. Pat. Of 


. 2 SPECIAL BUSHINGS ee 





Pillow Blocks with owe 
GRAPHALLOY Bushings CP \ 
can be supplied in most stand- P\\ 
ard sizes. \ } 


Request Data Sheet 163 


Hanger-mounted bearings 
available for attach- 
ment to a machine frame or 


structure. 


GRAPHALLOY Bushings 
with square or rectangu- 
lar external dimensions can be 
provided for special housings. 


Request Data Sheet 217 





@& Vetai;becked GRAPH- 
ALLOY Bushings are 
available for applications where 
press-fitted bushings are not 
practicable. In most instances, 
a set screw or keyway must be 
used to hold the bushing in 
place. 








This type of metal-backed 
bushing is used where ting are supplied where 
there is insufficient length, as in 
spider type construction. halves. 


‘mm Bushings grooved for split- 


bushings must be installed in 











Send for descriptive literature and Bushing Inquiry Form 107A. Our broad application expenence is available to solve your problem. 


GRAPHITE METALLIZING CORPORATION 


1018 NEPPERHAN AVE. 
YONKERS, N. Y. 
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Retainer 
BEARING 8B w 
Re 3/64-.0469 . 2 ‘16-.0625 
+ 4 5/64 ora "250 ogy tt : 
Ris 3/32-.09375/1623128 7/eac1osa MICRO makes, and makes possible 


R2-5 1/8-.1250 5-.31 64-.1094 
R2 


1/8-.1250  3/8-.37 $2-.1562 °* « « NEW PRODUCTS 


pm By SIZE, TYPE, and MATERIAL * MICRO pro- 
: vides the widest selection of small ball bearings made 
Retainer Extra Light to precision quality. 


R133 3/32-.0987 3/16-.1875 5 _ DIMENSIONS of complete assemblies range from 
Ri44 1/8-.1250 1/4-.2500 3/% Vn" ld ue @ 1000” 

5/32-.1562 6/16-.3125 /2 overa iameter down fo . : 

S/1e-1878 8/8-.3750 Seven RADIAL and three other series are standard in 


3 

1/4-.2500 3/8-.3750 -12 chrome and stainless steels with some available in 
1/4-.2500  1/2-.5000 : 

R613M 6mm. 13mm. 3. beryllium copper. SPECIAL SIZES and MATERIALS 


are also considered. 
pm» TOLERANCES are ABECS or BETTER. 


ial . 
|\—r+ Flanged Retainer 
FRI -0550 -187 e a2 ° 
FRI1-4 5/64-.0781 1/4-. 3/32-. NEW 
FRI-5 3/32-.0937 . . ‘ 
FR2-5 = 1/8-.1250 5-.3125 . » The MICRO RETAINER (R) bearings, first developed 
peees pre © . by NHBB in the U.S., are a significant improvement 
hap a yom .! . for sizes previously available only in the full type 
The retainer produces smoother running and lower 
friction. The crown retainer has long 
been in use, and many sizes are also 
being equipped with the new ribbon 
0550 |: . 0781 type — a two-piece cylindrical-pocket, 


P 5/64-.078 2 3/32-.0937 
ee Pere hws crt cone-controlled and balanced retainer. 


F154 1/8-.1250 5.3128 54-.1094 ~~ 


OTHER TYPES 


3/16-.1875 6-.315 54-.1094 
Pivot 


-0250 -1000 .0312 ae Ww 


0409 /8-.1250 0469 a 
$/64-.0409 5/32-.1562 0625 UL. 
0550 3/16-.1875 5/64-.0781 “we 
5/64-.0781 .2500 3/32-.0937 hs ; 
3/32-.0937 5/16-. 5 7 -1094 = 
1/8-.1250 3/8-.8750 5/32-.1562 26H 


23M -05 5 . }.2mm 
24 5 f 198 
24H 

2 


f 22%M é . 2.4mm 


Extra Light —s aE Angular Contact 


1250 1/4-.2500 3 | 4913 0550 
-1250 5/16-.3125 b4-. » 414 56 /64-.0781 
2-.1562 5 16-8125 hy, ; 115 3 /32-.0937 
-.1878 16-.312 bin. 5 "1/81 256 
2-.2187 5/16-.3125 Mn. ~ ; rE yy yp te 
2500 3/8-.3750 8-.125 CJ 

-3125 1/2-.5000 


Spring Retainer g 
Ri-4Z 5/64- 0781 1/4-.2! 3/32-. 

3/32-.0937 6/16-.3125 54- | y 5 /64- 1/4-.2500 

-1250 5 5 5/16-.8126 

250 | § 5/16-.3125 

-1562 5-.3128 34- . . 2 -. 1254 3/8-.3750 
5.1875 
B-.1875 
-2500 


£Prccrr 


NEW HAMPSHIRE "jah BALL BEARINGS, INC. Write for Catelog 53 for complete 
WUT, 


data on the more than 130 available 


MICRO bearings, or consult our 
51 MICRO CIRCLE e PETERBOROUGH, N. H. e TELEPHONE 424 Design Engineering Department 
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Complete Selection of 


PUMPS 


for Original Equipment 











Centrifugal Pumps 

available for a wide variety 
of coolant and transfer E roe 4 
applications, ; 










Automatic Reversing Vane 
Pumps may be ordered 
stripped (as shown) or 
semi-stripped, for “built-in” 
applications, or with hous- 
ing and foot mounting. 


It’s easy to select just the right Brown & 


Sharpe Pump for your job. You can Special Pumps like this 
’ compact flange-mounted 

type, having multiple 
sizes .. . centrifugal, geared, reversing pipe connections, can be 
P : furnished to fit your designs. 


choose from a wide variety of types and 


vane ... direct or motor driven. All have 
the quality construction and long, 
trouble-free life characteristic of 


Brown & Sharpe products. 


The complete specifications on each type 
Rotary Geared Pumps 

supplied with helical or 
herringbone gears for 
pumping oil under pressure, 
or with spur or helical gears 
for general purpose 
applications. 


and size are clearly presented to you 

in the Brown & Sharpe Pump Catalog. 
It includes illustrations, installation 
dimensions, and charts showing 
performance data. Write for your copy. 
Brown & Sharpe Mfg. Co., 

Provi-tence 1, R. I., U.S.A. 





BUY THROUGH YOUR LOCAL DISTRIBUTOR 


Brown 
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Build ill of laid measuring 


into your equipmen 








Electralign — an application of this precision 
electronic equipment in Brown & Sharpe's own 
grinding machines. Permits fast, accurate setting 
of swivel table for precision grinding straight 
work or exact tapers after a single trial grind 


Brown & Sharpe Electronic Amplifier No. 950 
for .0001" to .00001" readings. Gage Head 
Cartridge No. 953 is plugged in 





Versatile Brown & Sharpe Electronic Measuring 


Gage Head Cartridge No. 953 mounted on Equipment is easily adapted to your machine or fixture 
fixture to measure a fixed gage . used with lesi I ides f . _ — 
hander Vin. S20, Ghuniend eumensetem, ton design. It provides fast, accurate setting or gaging 
external or internal measuring also available. to .00001” with human error practically eliminated, 


An outstanding advantage is the separate amplifier 

unit which isolates heat-producing elements, preventing 
temperature drift in gaging units. It’s economical, 

too — you can design inexpensive Gage Head Cartridges 
into several fixtures and use the same amplifier 

for all. True linear response of the amplifier eliminates 
the need for “go” and “no go” masters. 

These are but a few of many advantages of 

Brown & Sharpe Electronic Measuring Equipment. 
Write for Bulletin. Brown & Sharpe Mfg. Co., 





Special fixture utilizes Gage Head Cartridge Providence 1, R. I., U.S.A. 
and Amplifier to measure internal angle accu 
racy to + 1% seconds independently of bore 
size and without reference to locating surface. 
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foreseen emergencies that may complicate this iumeomes i the 
vendor shall employ his abilities and resourcefulness so as to 


insure satisfaction and benefit to the customer.” 





- . J 
r 


Nobody ever saw such a stipulation in any 
specification but the spirit of it automatic- 
ally becomes part of every order received 
by Bunting Brass & Bronze Company. Ask be 


any Bunting customer. 





at a 


IE BUNTING BRASS & BRONZE COMPANY * TOLEDO 1. OHIO * BRANCHES IN’ PRINCIPAL CITIES 
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PRECISION SPINDLE 


The picture shows you why this 
Spindle has swept the field for 6° x 
18” surface grinder application (pro- 
ducing finer finishes at lower cost) — 
and why it has been promptly drafted 
for hundreds of other jobs. 


There are many types of bear- 
ings but none can approach the 
superb combination of rugged- 
ness and precision found in the 
double row cylindrical roller bear- 
ings you see in this Spindle. They 


—aa\\ Oh 


Super Precision 
Roller Bearings 
Separate 


Thrust Bearings 





have tremendous load carrying 
capacity, produce a superior fin- 
ish and assure long, trouble-free 
operation. 

Note the thrust bearings. There is no 
endwise movement of the shaft in 
either direction. 

Spindles have the Pope System of 
lubrication and are dynamically bal- 
anced in full assembly. 

Applicable to all new grinders and 
to those now in service. Write for 
price and delivery. 


No. 95 


Specify p f} p E POPE MACHINERY CORPORATION 


PRECISION SPINDLES 
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however 
wherever 
whenever 


YOU HAVE A 


SHIM PROBL 


Get the right, 
econdémical answer 
from 


O LAMINATED o 


O COMPANY, INC. O 


ee 


























“*SHIM HEADQUARTERS’ SINCE 1913 


Shim design is modern design. It saves precious, extra, needed 
hours of machining parts to needlessly close tolerances. 


Today the pressure is on speed. Production lines must move fast. 
Machine time has to be reduced. Two seconds with a shim can 
save two hours witha machine. Without sacrifice of quality in your 
end product. 


So — when you face a shim situation, it will pay you to check with 
“Shim Headquarters.” Don’t just buy a stamping when you need 
a shim. Our engineering service can be important to you. 


4 








SEND TODAY FOR LITERATURE! 
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onty Laminated SHIM OFFERS YOU ALL 5 SOLUTIONS 


Here's a quick picture of the shimming has become a science unto itself. Be sure 
methods which are at the disposal of you check with us for an impartial rec- 
designer and production engineer. In ommendation. Remember that only The 
actual use, many factors affect choice Laminated Shim Company offers you all 
of proper type, for shim engineering 5 types of shims. 


“looks like SIMPLY PEELS FOR ADJUSTMENT 
solid metal!” The LaMINUM® Shim is made up of layers of .002 or .003 inch 


brass or steel, metallically bonded together over their entire sur- 
faces. Peeling laminations with a penknife gives simple, accurate 
adjustment; no counting or miking is necessary. Shim is rigid, easy 
to handle, less compressible than solid metal. No grit can lodge 
between layers. Available in from 3 to 63 laminations. 





“*tast apet-ccldered FOR QUICK, ASSEMBLY LINE USE ; = 
onthe edges” | The laminations of the LaMisoL, Shim (in brass only) are joined 


by spot-soldering. This type of shim is just right for high speed, 
S repetitive assemblies, regardless of the shim size involved. Spot- 
“QQ soldering makes a very firm “pack,” but the laminations are quickly 
—_ ~ ‘i 
‘i 





removed. Laminations within the same shim do not need to be all 
the same gauge, nor is the maximum number of layers limited. 





“the little tab } FOR SUPER SPEED, THIN GAUGE SITUATIONS 


holds ‘em together’ The Lamirtas Shim is a patented exclusive developed by us for the 
extremely fast moving production line. The little tab holds the 


shims together firmly, yet is easily removed. Different metals can 

eo be used in the same shim. The LAmrtas Shim is unsurpassed. cost- 

~3 wise and time-wise when properly engineered. Maximum number 
“; 4 


of laminations is 4, to a total thickness of .010 inch. 








“all seporate, any FOR UNLIMITED FLEXIBILITY 
THE % gauges you want" The loose leaf shim is the simplest of all custom-stamped shims. It 
R is completely flexible. There is no limit on number or gauge of each 


LOOSE LEAF shim — and an occasional situation will require this “wide open” 


SHIM ‘ y z adjustment. In such cases, sets incorporating a variety of gauges are 
GO? made up. Then, by removing one gauge and inserting another, a full 
“i 





scale of fine gauge adjustment is made possible. 





‘s 


Pe ee oe 
har for hand cutting | READY FOR EASY USE, WITHOUT WASTE 
3 





PACKAGED simple shims” Our Packaged Shim Stock is available for maintenance work from 
your Industrial Distributor. 6” x 100” roll feeds through package 

SHIM slots, as it's used. Available in 11 gauges, from .001 to .010”, brass 

~ and steel. Heavier gauges to .032 are packed flat, two 6 x 25” sheets 

STOCK to an envelope. Laminated shim stock for maintenance use is also 
available in a variety of thicknesses and iamination arrangements. 





O 


*T.M. Applied For 


ONLY LAMINATED SHIM OFFERS YOU ALL 


LAMINATED SHIM COMPANY, INC. 1411 UNION STREET, GLENBROOK, CONN, 
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GASKETS FOR TIME-TESTED PERFORMANCE 





WHICH GASKET IS REALLY OIL-PROOF? 
HOT OIL TEST IN AN OPERATING ENGINE 


STANDARD ASTM 
ABSORPTION TEST 
ASTM #3 OIL 


Type 21 (Not a VELLU MOID Product) 
Fibre, cork and Buna 5 beater sheet 
Type 22 (Not a VELLUMOID Product) 
Fibre, cork and Buna N beater sheet 
Type 23 (Not a VELLUMOID Product) 


Asbestos and Buna N beater sheet 


GENUINE VELLUMOID 


79.8% absorption by weight 
58.4% absorption by weight 
50.4% absorption by weight 


Only 4% absorption 
(negligible) 


OPERATING 
ENGINE TEST HOT 

SAE #20 OIL 
Leaked when pressure reached 
only 60 psi. 
Leaked when pressure reached 
only 105 psi. 
Leaked when pressure reached 
only 100 psi. 


No signs of leakage until pres- 
sures went well over 250 psi. 


Only the VELLUMOID gasket came through this test 
in excellent condition. All others had deteriorated badly. 


INSIST ON GENUINE VELLUMOID—IT PAYS 


THE VELLUMOID COMPANY...WORCESTER 6, MASS. 


Non-Metallic Gasket Specialists for Over 40 Years 





BALANCED COMPOUND 
US RESTS «= 
~ 


Na \* 


\ 


MACHINE 
HANDLES 


Atty oy 


4 
ss z ' 
F b t ars 


© 
SY, 


CLAMPING 


HAND WHEELS LEVERS 


You can free machines and manpower for sale- 
able production, and cut costs, too! Let Balcrank 
supply your needs for machine tool handles, 
wheels, levers and accessories. Balcrank skills 
have been built through 46 years of experience. 
There are more than 500 different standard 
models in stock ready to adapt to your require- 
ments. Or we'll produce your own designs in 
reasonable quantity. Write today for our cata- 
log and prices, or for any special data. 


ex 
— 


4 DISNEY ST. 
CINCINNATI 9, OHIO 


For farm implements, road ma- 
chinery and all other industrial 
applications where good wheels 
ore necessary, you need look no 
farther than “GENEVA.” If ourlarge 
range of standard sizes and types 
does not meet your requirement, our 
engineering stoff will gladly help 
you with special designs. Our 
SPECIAL DESIGN SERVICE is fur- 
nished without obligation. 


GENEVA WHEEL CO. 
402 RAILROAD ST. 
GENEVA, OHIO 


Sold to manufacturers of portable equipment! 


Product Engineering 


PARTS AND ACCESSORIES 
Circular 249 


RUBBER TIRED DISC 
WHEELS PNEUMATIC AND 
SEMI-PNEUMATIC TIRES 

Circular 102 


MOLDED-ON SOLID 
RUBBER TIRED 
CAST WHEELS 
Bulletin 352 


CHALLENGER 
SPOKE WHEELS 
Circular 949 
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That's your problem as well as the shop's! 


e 
Bottlenecks on the production line .. . - 
because machining operations Sure, you can't speed up machining, 
slow down output? but you can... 





—- BB 


"COMPO" and "POWDIRON" bearings and parts 


(porous bronze) (sintered iron) 


that cut down the need for machining operations. 


When these bearings are pressed into the housing, the |.D. is right without any reaming! 

And parts are die-formed to final dimensions. 

The Production Department can speed up assembly—and speed up 
other operations, too, by using machines and operators where they're really needed. 


Sales will like customers’ reactions to these bearings and parts 
that last for years without attention. 


And if you please Production and Sales, you'll probably please Management too! 


Wont to know how these oil-retaining beorings and ports—products of 
Bound Brook powder metallurgy—<u!t product costs, stand up in service? 


You'll find the facts you want for yourself and your “4 
monogement in our folder of bulletins—jus! write 
for your copy 


Buy Bound Brook : OIL-LESS BEARING COMPANY 





Bound Brook, N. J. Bound Brook 9-0441 
MANUFACTURERS OF BEARINGS AND PARTS © ESTABLISHED 1883 
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Purebon 


SOLVES MANY PROBLEMS 
caused by sliding or rotating 
parts which are DIFFICULT OR 
IMPOSSIBLE TO LUBRICATE 


A constantly increasing stream of problems are fac- 
ing engineers and designers today involving sliding or 
rotating parts where lubrication is difficult or impos- 
sible. For such applications, Purebon, the mechanical 
carbon, is often the ideal answer. Typical applications 
are seal rings, bearings, pistons, piston rings, pump 
vanes, valve seats, meter discs, and a host of similar 
items. Purebon comes in a wide variety of grades. It is 
strong, tough, readily machinable and in many cases 


can be molded directly to size. 


Bulletin No. 52 tells the complete story of Purebon. 


Write for your copy today. 


PURE CARBON CO... INC. 


448 HALL AVE. ST. MARYS, PA, 


F4s 


HEYCO Nylon Strain Relief 
Bushings cut production 
costs and improve 
product quality! 


Facts 
you should know 


about HEYCO 
Strain Reliefs 


Heycos absorb all cord pull, push 
and torque and insulate wire from 
housing. With Heycos it’s no longer 
necessary to tie wire knots or use 
insulating grommets. Product life 
is increased and product appear- 
ance is greatly improved. Avail- 
able in all sizes from clock wire to 


$-10/3 cable. 

HEYMAN MANUFACTURING CO, | 
KENILWORTH 13, NEW JERSEY 4 

It’s easy to apply Heycos, too: 
1. Slip over wire Z 
2. Snap into hole 


FULLY APPROVED BY 
Underwriters’ Laboratories and 
Canadian Standards Asso. 








HEYCOS positively eliminate 


strain on terminals! 
Send for Samples and Specifications 


For Double Protection 
Use Approved HEYCO 
Strain Relief Bushings 
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Si Ways 


Clifford bellows 
help you solve 
design problems 


Perhaps you, too, can benefit from flexible, leak- 
proof, metallic Clifford bellows assemblies. For in- 
dividual requirements in assembling bellows to 
fittings, Clifford is equipped to use new molecular 
bonding processes, resistance welding and heli- 
arc-welding. Write direct for complete details on 
how Clifford bellows assemblies can help you. 
Clifford Manufacturing Company, 104 Grove 
Street, Waltham 54, Massachusetts. Division of 
Standard-Thomson Corporation. Sales offices in 
New York; Detroit; Chicago; Los Angeles; 
Waltham, Mass. 


S. PRESSURE IN TANK DROPS 
ELecTRic BELOW DESIRED LEVE 
cecul 


2) BELLOWS CONTRACTS 
~ LOSING SwiITcH 
3 )MOTOR-PUMP STARTS 
BUILOING UP PRESSURE IN 
TANK. WHEN PRESSURE 
REACHES DESIRED LEVEL 
BELLOWS EXPANDS, OPENING 
Swircr 
4) PRESSURE IN THE SYSTEM 
S INDICATED BY A SIMILARLY 
ONNECTED BELLOWS 
WHICH ACTUATES AN 

‘CcCATOR 


OISCHARGE 


Controlling and or indicating pressure. Clifford Hydron bellows 
assemblies provide close control and accurate indication in pressure 
systems. Pressure, exactly equal throughout the system, is immediately 
exerted on bellows which respond without lag. Common applications: 
instruments to control temperature, pressure, flow rates, liquid level. 


> AS FLEXIBLE CONNECTORS 


A- PIPE CARRYING HEATED GAS OR LIQUIC 
B- SUPPORTS 
Be..LOWws 


Allowing for thermal expansion in flexible piping. Clifford bellows 
compensate for dimensional changes caused by heated gas or liquid that 
would expand and buckle ordinary piping ... without imposing ex- 
cessive strain on supports. Sidewise movement of supports with respect 
to each other is also permitted. 


3 MANUFACTURING CO. ; 
%, WALTHAM, MASS 
w r 


metal BHLLOWS y 
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EXPANDING BELLOWS 
4) EXERTS PRESSURE TO OPER 
a ATE SWITCHES, VALVES, ETC. 


Controlling wide range of temperature with one adjusting de- 
vice. Liquid filled Clifford bellows assembly permits one knob to adjust 
temperatures by remote control from 200° to as high as 650° or 700°. 
Common applications: domestic and industrial oven controls. 


Controlling narrow range temperatures. Vopor pressure 
Clifford bellows system forms temperature control unit used in thermostatic 
devices. This device con be designed to be “fail safe” to prevent over- 
heating even if bellows fails to function. Adjustment commonly limited 
to lower range than liquid filled system. Applications: refrigerator con- 
trols, outo thermostats, tank regulators. 


Transmitting motion from one medium to another while main- 
taining a hermetic seal. The inherent flexibility of leakproof Clifford 
Hydron bellows permits extension, retraction, rotary motion or com- 
binations of these to be applied while hermetically sealing unit's internal 
elements. (A) shows direct motion, (B) shows angular motion, (C) shows 
rotary motion. 


Operating as flexible shaft coupling. 
Clifford bellows assemblies provide con- 
stant velocity torque and compensate for 
misalignment. 


Operating as shaft seal. Clifford bellows seal in gases and liquids 
and prevent leakage around rotating shafts. 


Operating in hydraulic transmission systems. Clifford bellows 
approximate frictionless lever-action for transmitting force in remote 


control systems, 
F49 
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YOU CAN'T 
BEAT ’EM 





FOR PARTS DIFFICULT 
OR IMPOSSIBLE TO LUBRICATE!” 


Typical O & Sim- 

pregnated fabric 
i? bearings with 

steel shell for 
general oscil- 
leatery or 
slowly rotat- 
ing applica- 


tions. 
























Shackle bearings, sway 
ber links and shock ab- 
sorber links. Self-lubri- 
cating ball joints, rod 
ends, and nylon bearings. 





With NYLON and FABRIC . . . this 
bearing provides a radial, axial, and 








Bonded fabric spring re- 
pair clips and interliner 
materials. Made from im- 
Write today for details or send prints, pregnated fabric for self- 
sketches and description of application lubrication. 


ee = 
oF a) 


BEARING & MFG. CO. 


777 W. EIGHT MILEROAD e¢ WHITMORE LAKE, MICHIGAN 








Get Your Copy 
of the 
Annual 
HANDBOOK 
of 
Product 
Design 
for 1954 


If you aren’t already 
a Product Engineering 
subscriber, and you'd 
like to take advantage 
of this opportunity to 
get your own copy of 
this HANDBOOK as a 
gift, you can make use 
of the convenient sub- 
scription cards follow- 


ing pages B32 and H32. 


By mailing the card 
promptly, you will re- 
ceive this year’s HAND- 
BOOK, plus twelve 
valuable issues of Prod- 
uct Engineering each 
year, PLUS a new 
HANDBOOK every 


November. 


There is no compara- 
ble editorial service 
available to product- 
design engineers. Don’t 
let another month go 


by ... subscribe now. 
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There’ a lot of spring know-how 





and it’s ready to work for 
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you in civilian or defense production 


In the manufacture of precision springs in large 
quantity, the intangible ingredient “know-how” is 
a mighty important factor. To the purchaser, it can 
mean very important savings not only in first cost 
but in the sum of all the costs involved in getting 
the spring into your product and ready to function. 


We have many case histories to show you how 
tooling and methods developed by Accurate have 
made it possible to slash the cost of springs to our 
customers — and in most cases the customer got 
better, more accurate springs. 


We'll be happy to show you what we have 
done for others but, most of all, we would like to 
show you what we can do for you. If you require 
large quantities of precision springs for civilian 
or defense production, write today. There’s no 
obligation. 


ACCURATE SPRING MFG. CO. 3815 W. Lake St., Chicago 24, lil. 






The Accurate Spring Handbook is a 
widely used guide for moking spring 
calculations. You'll find it full of help- 
ful short cuts. If you do not have a 
copy of this latest edition, write for 
yours, today, 
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FEATURING — \ity 
Precision Que 


Delivery . 





— ONE RELIABLE SOURCE 
FOR ALL ROLL REQUIREMENTS 


LIGHT DUTY ROLLS 
HEAVY DUTY ROLLS 
TUBULAR ROLLS 
ENGRAVED ROLLS 
RUBBER COVERED 


ROLLS 


WARM SURFACE 
ROLLS 


CHILL ROLLS * 


CHROME PLATED 
ROLLS 


When you need rolls for light, medium or 
heavy duty, you can depend on Pamarco for 
precision built rolls, economically produced 
ind accurately engineered. Pamarco experi- 
ence in tubular construction, solid steel and 
rubber coverings assures years of dependable 
service. All Pamarco rolls are ground finished 
to exact specifications and fully inspected 
before shipment. 


Recommendations on specific applications — 
The wide experience of Pamarco engineers is 
available to help solve your roll problems. 
For complete engineering service — without 
obligation — write outlining your requirement. 


CALL NOW FOR FAST, COMPETENT SERVICE! 


Precision Rolls for Textiles, Plastics 


and General Industrial Service, 
Engraved Applicator Rolls 
Plate R 


s for Flexographic Presses 


PAPER MACHINERY AND RESEARCH - INC. 


1014 OAK STREET, ROSELLE, NEW JERSEY 
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Whether you make tanks or 
typewriters — rifles or ranges— 
there's always room tor one 
more quick spring delivery; 
one more solution to a spring 
problem—which will add one 
more satisfied customer to 
Newcomb’s ever growing list, 

We are constantly expand- 
ing our facilities—and our 60 
year spring making experience 


certainly speaks for itself! 


If you need springs in large 


Teateianatettetes 


a 
OOO OI > on 


or small quantities, ask to see 
a Newcomb representative. Or 
send us your blueprints, sam- 
ples or ideas. We'll spring into 
action with suggestions and 


quotations. 


Sy 
5055 


FREE STRESS ANALYSIS CHARTS 

Our bulletin NS 400 « 
ence charts and specification data for 
designer and spring purchaser. Write for your 
free copy today! 


ns valuable refer- 
th 





The NEWCOMB SPRING Corp. 


3908 Seventh Ave 
Brooklyn 32, N. Y 


NEWCOMB SPRING 


of Connecticut, Inc. 
228 College Highway 
Southington, Conn 


there's lots of “ZING” 


ina NEWCOMB SPRING/ 
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MPB miniature ball bearings 
ready solution to many difficult miniatt 


projects involving space, weight | 


RADIAL SERIES 





BEARING NUMBER © -©.D. BORE ee 
rw 100 -1000” .0250 0312 WAP 0590" .020"t .0472” 
] 2 1250” 0400” .0469” cA 3P 1181” .030”t 0709” 
«, ‘a 2% 1562 0469” .0625” Ge) Lb 4P 1575" .040"t 0945” 
L 3 1875” 0550 0781” ~4 Wse 1968" .050"t 1181” 
| Ww .2500” .0781 0938 4 W7P .2953" 075" 1772” 
vs 3125” .0938” .1094” sa. Vior 3937” .100"t .2362 
SUPER-LIGHT RADIAL SERIES GROOVED RADIAL SERIES (Full Roce or Retainer Type) 
Ws 418 2500” .1250 0938 nin 3G 3GC 2188 0550 0781" 
if W5is 3125 .1250 1094 T 4G 4GC 2182 0781 0938 
rT! 5532 3125 1562 1094 r 5G SGC 3438" 0938 1094 
CP) a 5632 3125 1875 1094 mW) ta 5186 518GC 3438 1250 1094 
| 5732 -3125 2188 1094 L 5532G 5532GC 3438 1562 1094 
614 .3750" .2500” .1250 » 5632G 5632GC 3438 1875 1094” 
FLANGED RADIAL SERIES (Full Roce or Retainer Type) RADIAL RETAINER SERIES 
2'AF 2M%FC .1562” 0469 0625 2c 1562 0469 0625 
mm 3F 3FC  .1875” .0550” 0781 — 3c 1875" .0550” 078) 
By 4F 4FC .2500" .0781 0938 | 4c 2500 0781 0938 
q] i SF SFC .3125”" 0938 1094 er r 4 5c 3125 0938 1094 
LL 418F 418FC .2500” .1250 0938 Pag 418C 2500 1250 0938 
rel 518F S18FC 3.3125” .1250 1094 ~ | 518C 3125 1250 1094 
etiam! 5532F $532PC | .3125” .1562 1094 5532C 3125 1562 1094 
5632F 5632FC .3125" .1875 1094 5632C 3125 1875 1094 
ANGULAR CONTACT SERIES THRUST SERIES 
os 2A = .1250” = .032"f 0469 — =F 2T 1250 0400"§ .0625 
3A 1875” .048 0700 ‘Ti 4 Th, at 2500” .0938"§ .0938 
W4a .2500 063 0938 es ° * 5T 3125 1250°$ .1250 
WoA 3750" .094"t .1406 neu 6T 3750”t .1875”"§ .1500 
6A7B -3750” 125 -1406 7T 4375"} 1250° 1875 
SPRING SEPARATOR SERIES SEPARABLE MAGNETO SERIES 
a 5S 3125 0938 1094 rel 3M 1875 0550 0781" 
= 518S 3125 1250 1094 1 | 4M 250 078 0938 
ei i° 5532S  .3125 1562 1094 i 5M 3125 938 1094” 
=. 5632S 3125” 1875” .1094” ie Hi 518M 3125” .1250° 1094 
Prefixes indicate material: Stondard is chrome bearing steel (SAE 52100): use no prefix. All bearings also available in 440 stainless, 
except 2100 and S1AP. Use prefix “SS” in ordering stainless. Windicotes also available in 25 beryllium. Order with prefix “NM 
Suffixes indicate type of bearing: F—flange, G—groove, M—mogneto, C—retainer, S—spring separator, T—thrust, P—pivot, A—angulor 
contact, FC—flanged with retainer, GC—grooved with retainer. Complete lood ratings ore given in catalog. +Shaft (S); | O.D. clear- 
ance of opposite race .002 SBore clearance of opposite race " 
MPB ball bearings 
are available in ten design series and in more than internationally standardized, MPB hos also originated 
130 different types and sizes which normally can be many precision manufacturing techniques. All MPB ball 
supplied from stock for prompt installation. bearings are ground, lapped, honed and/or burnished 
Instrument manufacturers and users of small precision in accordance with highest quality practice for optimum 
mechanisms can now utilize all the well known extra ad- operating characteristics. Inspection limit tolerances are 
vantages of anti-friction bearings (accurate alignment, equal to ABEC 5 or better 
long wear, freedom from attention) universally accepted The most extensive engineering knowledge in miniature 
in larger quality equipment. bearing applications is available to you. More than a 
For more than 20 years MPB ball bearings have con million MPB ball bearings have been installed in precision 
tributed to the successful operation of precision mechan- mechanisms. Catalog 53 giving complete specifications, 
isms. A pioneer in designs and dimensions now being and additional data sheets mailed to you on request. 
a at “ F ° ° F ae jo 
Xk Y th Miniature’ /recision Bearings 
4 Incorporated * Keene, New Hampshire _—_ 
"’Pioneer Precisionists to the World’s Foremost Instrument Manufacturers” narod 
friction 
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HY-LOAD 


High-capacity, cylindrical roller bearings for heaviest 
radial loads and light or intermittent thrust loads. 
Produced in three diameter series, two widths and more than 800 sizes, 
these bearings are available in separable outer race, separable inner 
race and non-separable types. Various arrangements of race flanges 
and snap rings permit wide flexibility of application design, 


[,—1l _1 
. 












INDUSTRIAL INCH 


Designed for slow-moving, heavily- 
loaded machinery where large 
diameter shafts are the rule. Ac- 
cordingly, it is available in frac- 
tional size bores for shafts from 4’ 
diameter upwards. This bearing type 
has three separable parts—an inner 
race, a roller assembly and an 
outer race. 





WOUND ROLLER 


This is a three-part separable bearing available 
in 200 or 300 series and in various width classifi- 
cations. The roller construction provides maxi- 
mum resistance to shock, abrasion and fatigue. 
Inner races may be omitted, when desirable, 
with rollers operating directly upon the surface 
of a suitably hardened and ground shaft. 


| 

i 
i \ | 

uy \ 


| 
| | 
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HYATT BEARINGS DIVISIGCN 
GENERAL MOTORS CORPORATION 


A COMPLETE LINE OF BEARINGS FOR MODERN INDUSTRY 
Fs4 Product Engineering — 1954 Annual Handbook 



























BARREL 


A series of angular contact, self-align- 
ing bearings capable of sustaining both 
radial and thrust loads. Race and roller 
curvatures insure ideal distribution of 
load, not only for normal operation but 
also for conditions of misalignment. 
Both radial and thrust loads are dis- 
tributed on the curved roller paths over 
large areas of contact, with the greatest 
load concentrated at the center or 
major diameter of the rollers. Roller 
ends cannot be overloaded. 


Beat. sa. 


DESIGNED 
FOR 
HEAVY 
DUTY... 


TRUNNIONED ROLLER 


In this bearing, ideal for industrial trucks, 
textile machinery, gear pumps, conveyors, 
hoists and agricultural equipment, the 
roller assembly is made up of rollers, end 
rings and spacing bars. Rollers have trun- 
nioned ends which fit into holes in the 
end rings. End rings are located and held 
parallel by spacing bars which also guide 
and retain rollers. Roller assemblies can 
be used with or without outer races. 


WATT ROLLER BEARINGS 


---and there’s a type and size for every need 


When design problems involve anti-friction bearings, 





lower maintenance costs—with just the right bearings 


many engineers automatically reach for a Hyatt designed into every vital load-carrying position. 
catalog. They know that a quick reference to a Hyatt 


. : , The ne ime bu ~w equipment, or make a 
book will save them time and trouble, because there’s The next time you buy ne quill 





a size and type of Hyatt Bearing for every job. 


Hyatt’s complete line of radial and angular contact 
bearings—more than 800 sizes in the Hy-Load series 
alone—makes the engineer’s job easier, because it 
raakes possible greater design flexibility. For the 


equipment buyer, this means longer bearing life and 


changeover, specify lower maintenance costs by specify- 
ing Hyatt Bearings! And if you need technical help 
in your selection of bearings, or desire information 
about particular bearings or their applications, ask 
for the services of a Hyatt sales-engineer. Call or 
Hyatt Motors 


Corporation, Harrison, New Jersey. 


write Bearings Division, General 


ROLLER BEARING JOURNAL BOXES FOR THE RAILROADS 
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Simplify lubrication DESIGN OF MACHINE 
° MEMBERS . 

design problems Explains the theory, together with the practical 
applications, of designing the varicus elements i 


in operating machines. Di ses engineering ma 
terials, factors of safety tilization factors, the 
selection of desig stresses, et Covers develop 
ments in such ma e-parts as riveted joints; 





power screws; spur, bevel,. and screw gears, ete 
By Alex Vallance and Venton L. Doughtic, Prof 
of Mech. Eng., Univ. of Texas 
ord «6©Ed. 500 pages, 363 illus 
$6.00 


with HILLS-McCANNA 









Force Feed LUBRICATORS 











FORMULAS FOR 
STRESS and STRAIN ; 


3rd Ed.—Just Published! 


Here is the ideal guidebook on strength 
of materials. Contains extensive tables of 


MODEL ET 


These fully enclosed units are of the most 
modern reciprocating design suitable for 
installation under virtually any condi- 


| 
ENCLOSED TYPE 





tions, indoors or out. Available in sizes formulas and numerous illustrative examples | 
from 2 to 32 pints and from 1 to 24 inde- ineludes the results of ir tensive analytical 6 
pendently adjustable feeds. Capacity per SS EE agg te Aye bee 
f all th las for stress, s g 
teed ranges from a fraction of a drop to useful to the design-engineer. Also brings yor 
10 drops per discharge, 1 to 15 discharges step-by-step, the essential principles used in stress 
analysis, and provides fundamental data on the 


atnchsronirees mechanical properties of materials. By Raymond 
J. Roark, Professor of Mechanics, U. of Wise. 3rd 


Ed. 366 pages, 43 illus., $7.50 














OPEN TYPE 
MODEL MB 


These units are of the open type preferred 
by many operators because of their sim- 
plicity cad eomenetiiliiee of all working 
parts. Available in sizes from 2 to 24 
pints and from { to 48 independently 
adjustable feeds. Capacity per feed ranges 
from a fraction of a drop to 13 drops per 
discharge, 1 to 15 discharges per minute 








GRAPHIC AIDS 
\ IN ENGINEERING 
® COMPUTATION 


Covers graphical and mechanical methods 
of computation. Treats the standard slide 


rules—the deriva t f empirical equa 








engineering jata € 
mon hs by geometri 
and wi jeterminants—the 
spe le 11e8 a 
MOTOR DRIVE UNITS ee 
jevelopments in nomography. By _ 
Vhere iti i > . doiph P. Hoelscher, Head Dept. of Gen 
W pare it is desirable to make Engin. Drawing, U. of ll., Joseph N 
either Model ET or Model Arnold, Assoc. Prof. of Gen. Engin., 
MB units completely self- Purdue U., and Stanley H. Pierce, Asst 


owered, either type can be Dean, Coll. of Engin., U. of Ill. 197 pp., 
P 2 eth ) ; 110 illus., $4.50 

urnished with an electric 
motor drive through a gear 
reducer. The unit shown is a 


Model MB witha motor drive. 




















COLOR 
FUNDAMENTALS 


You can use color correctly—the experts’ 
way. Developed in layman’s language, here 
is a practical color theory for anyone who 
works with color in any way. 


ROTARY DRIVE 
UNITS 


Both Model ET and Model MB units 
are available for rotary drive through 
an external gear reduction. This type 











of drive is widely used for chain and Expla why a how humar 
belt driven installations. The unit 1 at gica : 
shown is a Model ET with external and aesth resear I you how to usé 
gear reducer. predict end evaluate results, Buphaci - 
r information throughout—in advert g. pack 
aging industrial design material et 
Provides color harts showing 100 attra ef 
fective combinations. By Maitland Graves, Pratt 





Institute. 206 pages, 95 illus., $10.00 








Full details on Model ET and Model MB 


HILLS-McCANNA CO., 2444 W. Nelson St., 
Chicago 18, Illinois. 


SASS CLANIN| 


lubricators are given in Catalog L-52. Also SEE THESE BOOKS 10 DAYS FREE 
described are the many special constructions OR a EES 
and accessories that make it possible to adapt McGRAW-HILL BOOK COMPANY, INC 
Hills-McCanna Lubricators to a wide variety 330 W. 42nd Street, NYC (36) 
, . A 7 ’ Send me book(s) checked below for 4 exar 
of designs. Write for your copy today. i i ca oo ie ct wes _ 
ywok(s) I keep plus a few cents for ‘ ery, and 


wanted book(s postpaid We ay 


eliv 





1 remit with this « por a 


privilege 





7 
| 
| 
| 
| 

Valance—Des. of Mach. Mems.—$6.00 | 

Roark—F ormulas—$7.50 | 

Hoelscher—Graphic Aids—$4.50 | 

| 
| 
| 
| 
| 
: 
! 





Graves—Color Fundamentals.—$/0.00 





ad 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| (Print) 
| 
| 
| 
| 
| 
| 
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. Address 
fore feed lubricator | corse 
ALSO MANUFACTURERS OF pact, vPB-s 
SAUNDERS PATENT DIAPHRAGM VALVES Ne 
METERING AND PROPORTIONING PUMPS * MAGNESIUM ALLOY SAND CASTINGS ee Be NE Pe ee 
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'M-R-C BALL BEARINGS 


Complete Range of Types for All Requirements 











Super-Conrad Maximum-Capacity Radial Type R Radial Type R 
Deep-Groove Type Notched Type Maximum-Capacity Bokelite Cage 








Single-Row 
Extra-Light Type KR 








Moximum Capacity Power Transmission Conveyor Roll Front Wheel 
Single-Shielded Bearing Bearing Bearing 





Clutch Throw-out 
with Housing 





Super Conrad Thrust Bearing Duplex Super-Conrad 
Type KS Flat Washer Type Snap-Ring Type 





Clutch Throw-out 
Plain 








Double-Row Cartridge Type Super-Conrad Adapter Type 
Maximum-Capacity Type Double-Shielded Double-Sealed (for Lineshafting) 

















Fabri-Seal Type 
with Sealing Ring 








Extremely-Light Double-Felt Seal Super-Precision Bearings Wide-Inner 
Inch-Size Shielded Both Sides Single Row Duplex Bearing 














MARLIN - ROCKWELL CORPORATION 


Executive Offices: JAMESTOWN. N.Y 
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Super-Conrad Snap-Ring 
Type Single-Shielded 


















A PLATEN PRESS ON A MACHINE TOOL wen 
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Wherever vibration, flexation, misalignment or 


make the connection with CMH 








LOADER 















ie Re wie 


ON AN ION ACCELERATOR 
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ON AN ENGINE HEATER 
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@ CMH Flexible Metal Hose, properly used, can 
save many times its cost by eliminating piping 
failure due to motion and fatigue stress . . . by 
simplifying installation by reducing the 
number of fittings required . . . by minimizing 
downtime required for piping maintenance. In 
CMH flexible metal hose, you get the rugged 
durability of metal combined with a high degree 
of flexibility. You met a non-aging, non-contami- 
nating, non-collapsible assembly with no joints 
to pack, assuring a long, dependable, mainte- 
nance-free life. 

In the CMH complete line of flexible metal 
hose products there is the exact type to meet 


your needs. Pressures from vacuum to 24,000 psi 
(burst) can be accommodated. A wide variety of 
metals is offered, too, to provide hose types 
which are corrosion resistant, fire resistant and 
capable of handling extremely searching liquids 
and gases. 

Whenever a connection problem involves vi- 
bration, flexation, misalignment or expansion 
and contraction, think first of CMH flexible 
metal hose for an economical, dependable and 
safe solution. Flexonics Corporatior’s extensive 
experience and know-how is available to help 
you on any flexible connection problem. Just 
send an outline of your requirements. 


expansion and contraction is a problem..... 


FLEXIBLE METAL HOSE 


REX-WELD HOSE 


REX-FLEX 


HOSE 


REX-TUBE TYPE RT-6 


a 


Yapss, 


MTT 


fi 
RWW 


CMH REX-FLEX corrugated stainiess steel! hose CMH REX-TUBE Type RT-6 fully interlocked 
from 3/16” through 24” 1.D. for burst pressures in sizes from 5/16” through 2” 1.0. for burst flexible tubing in galvanized steel, aluminum 


te 12,000 psi, temperctures to 1000°F. Also pressures to 24,000 psi, temperotures to 1600°F bross and other metals; sizes ‘4, through 
available in bronze 8” 1.0 


\ 


CMH REX-WELD corrugoted steel hose in sizes 





REX-TUBE TYPE RT-15 REX-TUBE TYPE RT-20 FLEXON BELLOWS 


CMH REX-TUBE Type RT-15 fully interlocked 
steel or bronze utility hose in sizes from ‘,” 
to 12” 1.D. for pressures to 750 psi. (constant), 
temperatures to 


Fiexon Bellows ond Bellows Assemblies ore 
mode to meet your exact specifications m@ 
complete range of sizes. Available in brass 
bronze and stainless steel 


CMH REX-TUBE Type RT-20 stee! or bronze bol! 
bearing type utility hose in sizes from 3/16” 
through 11%" 1.0. for low te moderate pres- 
sures and temperatures. 








Catalog No. 132 gives specifications and application dataon CMH 
flexible metal hose and FLEXON Bellows, W rite for your copy or 
see the Flexonics catalog in Sweet's File for Product Designers, 


orporation. 1351 $. THIRD AVENUE - MAYWOOD, ILLINOIS 


FORMERLY CHICAGO METAL HOSE CORPORATION 


in Coneda : Flexenics Corporation of Canada, itd., Brampton, Ontario 
products of Flexonics 


Cerpeoration thet AA 


have served industry y 
fer ever 50 years. Aircraft components 











Flexen identifies Flexible i hose Expansion joints 


Metallic 


bellows 
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Universe! oil seals are precision built to han- 
dle all oil seal problems presented. High speeds 
or temperatures, extremely dry conditions, mis- 
alignment between shaft and bore, eccentricity 
of shaft diameter or movement, accumulation 
of dust and grit, all are causes of oil seal failure. 
Universal oil seals meet unusual mechanical 
demands and are designed in size ranges and 


types to accommoZate all cil seal operations. 


a seal for every purpose! 


Standard Type A-2 is stocked in a complete 
range of shaft and bore sizes from %4” dia. 
shaft with %4” outside or bore dia. up to 12’ 
dia. shaft with 14” outside or bore dia. Specia! 
sizes ranging from 4" dia. bore up to 48” dia 
shafts can be made to your specifications. 

It is our desire to provide the best possible 
oil seals at the lowest possible production cost. 
Perhaps we can help you with your oil seal 
problems. Your inquiries are invited. 


TYPE A-No. 2 shaft Rotates Inside of Seal 











va 














The figure left illustratcs the type of seal most fre- 
quently used for general oil sealing purposes. This model 
features a self-contained cartridge for casy removal and 
installation and a spring-type take-up for wear and 
corr ction of misalignment. Type A-2 oil seals and minor 
variations of this design are used in more installations 
than all other cartridge type oil seals combined. 


A. Outer Cup—Formed accurately to provide a rigid 
container for the inner parts and to insure an oil 
tight press fit into the housing. 


. Inner Cup—Transmits proper clamping pressure to 
the outer surface of the packing member. 


C. Packing Mcmber—Tightly clamped in place to 
provide maximum oil sealing protection with mini- 
mum amount of friction and power loss. May be 
made from leather or synthetic rubber. 


D. Coil Spring—Iinsures uniform sealing pressure of 
packing on the shaft and provides automatic 
take-up for wear 


E. Compression Washer — Distributes pressure over 
packing surface and holds packing flat against 
outer cup. 
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DUAL “A” TYPE “G” DUAL “C” 





io} 


TYPE A-2F TYPE “H” TYPE A-2E 



























TYPE A-2R TYPE SF TYPE FA-2 








These are but a few of the many possible variations of our basic designs 
write, wire or phone for our catalog and our free decimal equivalent decal 


Telephone FEderal 2-9244 


UNIVERSAL OIL-SEAL COMPANY 


PONTIAC 12, MICHIGAN 
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Pilot Bearing Bushings 


Jergens Live 





Heavy duty boring mill operation utilizing Jergens 
absolute seal Pilot Bearing Bushing to increase prec % ALS 


sion, depth of cut and tool life < 6 mad 
4 a) 


Only Jergens Absolutely ? og fra os 
Seals Out Coolants and Grit | | 


As a result of ingenious design and precision manufacture, 
Jergens Pilot Bearing Bushings provide for the first time in bear- 
ing applications an absolute seal against coolants and fine 
powdered abrasive grit and dust entering the bearing cavity. 
Jergens Bushings make possible increased precision in piloting 
applications with greater depth of cut and eliminate costly tool 
failures and expensive down time 


The world's largest production plants are today making 
Jergens Pilot Bearing Bushings an absolute must wherever tool 
holders require support to increase accuracy and stock removal 
or to decrease tool breakage 


This new ENGINEER'S 
MANUAL takes you 
on a step-by-step 


) e S i g i. course of designing 


wire cloth strainers to 

Yo rT r meet your own special 
’ : , i ts. Dis- 
Roller and Needle Bearing Pilot Bushings on canaegyeenmadbboont 
cusses weaves, 


Performance Features WIRE ate meshes, metals, 


Provides absolute seal against coolants, grit and dust shape and construc- 
Greater overall length increases accuracy and bushing life tion, flow rate, fabri- 


Needle Bearings fill applications requiring closer center distances STRAINER cation processes. 


Beorings can be dissembled without removing housing Write today for your 
Cartridge-type bearing holder provides greater accuracy free copy 
Protects against thrust loads as well as radial > ai 


Tapered bearings can be adjusted to compensate for weor 


Adaptable to receive removable slip bushings, keys or keywoys M { C H | G A N 
J.G. JERGENS CO. WIRE CLOTH CO. 


11106 Avon Ave ¢ Cleveland 5, Ohio 





2040 Howard Street 


er i gelatine teem seamen meio aeeenes ac ee Detroit 16, Michigan 
+ SEND FOR COMPLETE CATALOG PE-11 : . . 
J. G. Jergens Co., 11106 Avon Ave., ' 
Cleveland 5, Ohio 
’ Please send Pilot Bearing Bushing Cata- > 


MICHIGAN 
‘ log to: 
re é Draws the Wire 
NAME 
 24— COMPANY Weaves the Cloth 
—T. bit ADDRESS Fabricates the Part 


_— CITY STATE 
Am EE DBE c ee eRe me OO 


Sean maum 


in one continuous production line 


* 
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GARLOCK 


PACKINGS . GASKETS OIL SEALS ° MECHANICAL SEALS 
MOLDED RUBBER PRODUCTS . RUBBER EXPANSION JOINTS 


GENERAL OFFICES AND FACTORIES: PALMYRA, N. Y. 
SALES OFFICES AND WAREHOUSES 


NEW YORK 6, 114 Liberty St. 
PALMYRA, Maple Ave 
PHILADELPHIA 2, 20 S. 15th St 
PITTSBURGH 22, 800 Penn Ave 


CLEVELAND 13, 1276 W. 3rd St. 
DENVER 2, 1863 Wazee St. 
DETROIT 11, 2781 = Grond Bivd. 
HOUSTON 3, 2105 McKinney Ave. 
CHICAGO 6, 600 W. Jackson Blvd LOS ANGELES 21, 2303 E. 8th St PORTLAND 4, Ore., 418 S. W. Ist Ave SPOKANE 4, West 610 Second Ave 
CINCINNATI 16, 8329 Vine St NEW ORLEANS 16, 107 Decatur St ST. LOUIS 8, 3685 Forest Pork Bivd TULSA 3, 427 E. 4th St 


IN CANADA—The Garlock Packing Company of Canada Limited, Toronto, Ont.; Canadian Factories: Hamilton, Ont. 


BALTIMORE 18, 2828 Loch Raven Rd 
BIRMINGHAM 1, 519 S. 19th St 
BOSTON 10, 80 Broad St 

BUFFALO 2, 38 Pearl St 


SALT LAKE CITY 1, 322 Dooly Bidg 
SAN FRANCISCO 7, 750 18th St 
SEATTLE 4, 516 Ist Ave. S$ 


GARLOCK’S LINE OF PRODUCTS OlL AND GREASE SEALS FOR BEARINGS 


Garlock manufactures in its own factories in Palmyra, 
New York a complete line of quality-controlled Mechan- é 
ical Packings and Gaskets. y~—ws \ Garlock 
In addition, Garlock also makes the following allied KLOZURES* 
products: 


KLOZURE* Oil and Grease “Tefion’’ Packings, Gaskets 


Seais for Bearings 
Mechanical Seals for Rotary 
Shofts 
Rubber Tubing 
Moided Rubber Products 
Rubber Expansion Joints 
Molded Cups for Industria! 
Use 


ond other products 
Pipe Thread Compound 
Tapping Compound 
Packing Hooks 
Gasket Cutters and Punches 
Lubricating Compounds for 
Packings and Gaskets 


GASKETS AND SHEET PACKING 


Garlock has the facilities to hand cut, die cut, mold or 
machine all sizes and shapes of gaskets in any quantity. Some 
of the most popular gasketing materials, which are also avail- 
able in sheet form, are: 

Rubber — noctural or syn- Silicone — plain or cloth- 


thetic, either plain, cloth- inserted 


insert: . Cork-Fibre — glycerine 
inserted or wire-inserted oe o ciate o> 
Asbestos — compressed or ber impregnated 


woves Vegetable Fibre 
Leather '*Tefion’'—ond ‘'Kel-F’’ 


MOLDED RUBBER PRODUCTS 


ears 


A comprehensive line of rubber compounds, developed in 
the Garlock laboratories, is available for use in the production 
of molded rubber goods. Many of these compounds are also 
regularly made into sheet, slab, coil, gasket, ring, sleeves, 
tubing, pump valve, and discs. Facilities for the development, 
testing, and production of special molded or extruded rubber 
products are at your disposal. 


ROD PACKINGS FOR EVERY SERVICE 


Garlock Packings are made of asbestos, rubber, synthetic 
rubber, flax, cotton, jute, leather, “Teflon”, copper, bronze, 
cast iron, steel, aluminum or lead; and combinations of these 
materials—for service against water, steam, oil, air, acids and 
other fluids at any pressure or temperature. 


Garlock KLOZURE Oil and Grease Seals are made with a 
sealing member of oil-resisting synthetic rubber molded to 
exact size and shape. Available with standard finger spring, 
garter spring or without spring. Garlock KLOZURES pro- 
vide an efficient seal yet reduce friction to a minimum. There 
is a KLOZURE model designed for every bearing applica- 
tion. These superior oil seals are made in a complete range of 
sizes including Metric diameters to fit standard Internationa! 
millimeter ball and roller bearing housings. Write for Catalog 
10. 


MECHANICAL SEALS FOR ROTARY SHAFTS 


For use on rotating shafts 
against practically any liquid in- 
cluding strong acids. Garlock 
Mechanical Seals reduce leakage 
of costly or hazardous liquids on 
rotating shafts, and operate 
without any wear on shafts or 
shaft sleeve. 


PRODUCTS MADE OF TEFLON* 
KEL-F*, NYLON, POLYTHENE 


Garlock’s complete facilities enable us to mold, extrude, ma- 
chine or otherwise fabricate (from powder) Teflon, Kel-F, 
Nylon, and Polythene to the same high quality standards to 
which Garlock has always rigidly adhered. We invite your 
inquiries on: 


1 Finished Electrical Parts—molded or machined—of Tefion, 
* Kel-F, Nylon or Polythene. 


Teflon Tape—tlectrical grade—pretested for dielectric 
fault (maximum 85 per 100 feet of 0.005" tape). 


Sheets, Tubes, Sleeves and Other Shapes Available in 
Teflon or Kel-F—Tefion sheets os lorge os 48°' squore 
Kel-F sheets ond discs as large as 48°' diameter. 


Packings and Gaskets made of Teflon and Kel-F—Recom- 
mended for use wherever resistence to chemicals is re- 
quired. Tefion and Kel-F ckings cre available for use 
on valve stems, pump rods ond shafts; Teflon and Ke!l-F 
gaskets for all types of flanged joints. 


TO CONTACT GARLOCK 


Write, wire or telephone the nearest Garlock Sales Office—see 
locations at top of page. We will have a Garlock Representa- 
tive call on you. 


* Registered Trademark 
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ADD SHOCK PROTECTION 


to your most delicate instruments 


; ; >, ' 


























Resilient Cushion of silicone rubber will 
withstand exposure to temperotures of 
from — 85°F. to 325°F. 


vise 7g of CUSHION JEWEL ASSEMBLY 


Actual tests show that BIRD Cushion Jewel Assemblies perform 
better and are less subject to damage under the most severe conditions 
than conventionally mounted jewels. Eliminate damage to jewel-bearings 
and their mountings from vibration, shock, or improper adjustntents by 
inexperienced operators. 

Bird Cushion Jewel Assemblies provide: 

Inexpensive shock-proofing for any instrument 

Variable cushioning to suit different operating conditions 

Mounting to any specification 

Controlled movement of jewel — no loose assemblies 

We want to show you how BIRD Cushion Jewel Assemblies can 
add shock protection to your instruments. Send us specifications and sizes 
of jewel bearings in your instruments for samples of Cushion Jewel 
Assemblies for testing in your plant. 


Quality 
Controlled 
Jewels to Your 
Specifications 


Chart shows four types of jewels commonly used, with dimensional 
specifications to customize each type for your production. Specify quantity, 
type, dimensions, and whether desired unset or set in screws or bushings. 
We will quote prices and deliveries or provide samples to your specifications. 


— Sy, 
a hm he 8 ee ee ee ee ee 


| 
J 





Over 40 years of serving industry with Quality jewel bearings 


Jvichad fle Cod &,Co., Ine. 


Sapphire and glass jewels - Precision glass grinding - Ferrite precision products - Sapphire stylii 
I Spruce Street, Waltham 54, Mass. 


















New Catalogs 
and Bulletins... 


are listed toward the 
end of every section of 
the HANDBOOK. 
These new reports 
from manufacturers 
keep you pested on 
everything newly avail- 


able to you. 


You can easily 
obtain new catalogs 
and bulletins... 


simply by filling in the 
convenient post cards 
following page 24. 

These post cards also 
have spaces for you to 
indicate ADVERTISED 
PRODUCTS about 
which you'd like to 
know more. You will 
get the data you indi- 
cate directly from the 
manufacturer. Make 
use of these handy, 


yostage-paid cards. 
5 
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I RARY OF AIDS once 


/ ee AP 
PLICATIO 
FOR eg . 


be 
—— 'ypes 
of Peunt 


DESIGNERS pee 0 am 
AND ENGINEERS “ 


Have the information you need right at your finger 
tips . . . send for your free copies of New Departure’s 
five design and application books now. You'll find 
they contain a wealth of informative material . . 
bearing application, details of design, enclosure and 
lubrication, load computation. tables, and applica- 
tion procedure. Technical books for various specific 
fields are also supplied on request. 

But New Departure service to design and engineering 
staffs goes even further. For New Departure offers 
the ball bearing industry’s most complete engineering 
service, available in all principal cities. Whenever 
you have a bearing problem, call on New Departure 
specialists. They will be glad to serve you. 


4 
o; 


4} g A BALL 


NEW DEPARTURE 


BALL BEARINGS 


PART FouR 


BEARING LO 
COMPUTAT 
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Re RARER oe 
REYNOLDS — HANDBOOKS A POSITIVE SEAL 


One Unit . . . Complete Within Itself 
DESIGN and FABRICATION nae wediinee trearts 


f se E -ORILLED HOLES 

















FINISHES FOR ALUMINUM ALUMINUM POWDERS AND The seal on the left is our new double “O” ring cartridge de- 
Supplies basic information on PASTES—Describes types of sign. It allows for extremely broad operating conditions—higher 
the application and uses for powders and their uses in . . : . 
electroplated, mechenice! eoetings, pyretedaia, prec pressures, higher temperatures, and a wide variety of corrosive 
chemical and organic finishes. essing, metallurgy, etc. medii. 

° The seal on the right is our single “O” ring cartridge type seal 
FRE E: Single copies of these and other valuable In the illustration it is shown adapted for bearing sealing 


handbooks are free when requested on business letter- 


nand: Gihershe the estes of endh tach b enn Sellen. if you have a rotating shaft sealing problem, write for descrip 


othe : ; tive bulletin, which describes our spring-and-bellows and also 

For a complete listing of handbooks in the Reynolds Library : : ; , 
; : : our diaphragm cartridge type seals. We design and build special 

on Aluminum Design and Fabrication, see Reynolds green : : 
insert Section B. seals to suit your equipment, or build seals of your own special 


REYNOLDS METALS COMPANY design. 


2598 South Third Street, Lovisville 1, Kentucky Cc A R T R ' S E A L c Oo R p 
REYNOLDS ae ALUMINUM Fa Sick Putiatroe’ A hart 


PERFECT PERFORMANCE IN ONE PACKAGE 





MODERN DESIGN HAS ALUMINUM IN MIND 





Save money with Rogan’s 
stock molds modified to “FEW 
meet your specifications. "50 > 


















Facts about 


Product Engineering 


Rogan's stock molds greatly reduce 
your knob costs. Markings con be 
branded to fit your requirements. 
Special shaft holes at nominal 
charge. Send for details on how 


Product Engineering is the only 


to cut knob costs. 


ROGAN BROTHERS 


8025 N. Monticello - Skokie, Ill. 


paid-circulation magazine serving 


design engineers. 











COMPRESSION MOLDERS AMD BRANDERS OF PLASTICS 
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For higher operating efficiency and lower long-run costs 


(fooose, \ ROLLWAY BEARING 


PRECIS'‘ON BRONZE RETAINER 
RADIAL ROLLER BEARINGS 


Performance is stepped up, costs 
kept down due to the inbuilt 
trueness of Rollway’s right angle 
design. This basic principle bal- 
ances the internal forces within 
each bearing; promotes true rota- 
tion of the rollers around the shaft. 


frm, fr te 


RIGHT ANGLE SEPA- RIGHT ANGLE ROLLER 
RATOR LOTS accurately ING SURFACES with ENDS, precisely square to 
machined to prevent roller paralielism that results in avoid end-rub, oscillation 
skew, slide and uneven unwavering right-line and side-shock 

wear, rolling. 


TRU-ROL STEEL RETAINER 
ROLLER BEARINGS 

This economical bearing with 
ingenious steel retainer in- 
sures constant roller align- 
ment and longer-than-usual 
life. Prevents skew and slide, 
consequent power losses and 
early-failure hazards. 


These Rollway steel-cage 
bearings help you save 3 
ways—on initial costs, in- 
stallation costs, and main- 
tenance costs. Priced well 
within competitive range, 
they are engineered for long 
durability. Frequently they 
outlast the machine in which 


TYPE A 
Hardened 


RIGHT ANGLE BEAR. 


PRECISION BRONZE 


SALES OFFICES 

Syracuse 
Philadelphia 
Pittsburgh 


Houston 


Milwaukee 
Los Angeles 


RETAINER THRUST 
ROLLER BEARINGS 
Heat treated to insure 
uniform hardness and 
surface structure, both 
the solid-cylindrical 
rollers and the thrust 
plates of Rollway 
Thrust Bearings are 
held to extremely close 
limits of parallelism. 
The result is a true 
line contact that re- 
duces unit pressures 
with increased maxi- 

mum capacity. 

Accurate parallelism between 
the rollers and the matched 
thrust plates is repeated in 
the parallelism between the 
seporator siots and the rollers 
themselves—all adding up to 


quietness, equalized wear and 
longer life. 


they are installed. 


TYPE A & AUN—Roller assembly wit! 
split sleeve 

TYPE D— Roller assembly with solid 
inner ond ovter race. Also roller as 
sembly with outer race only 

On both of above types, roller assem 
blies may be furnished separately 


TYPE AUN 
Unhardcned 


XN 


ROLLWAS 





Cleveland 
Chicago 
Boston 


Detroit 


BEARINGS 


q Complete Line of Radial and Thrust Cylindrical Roller Bearings 


Toronto 
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CONSTRUCTION 


When you use RMB miniatures in instru- 
ments and small mechanisms, you get 
engineering features which you expect 
to find only in anti-friction bearings of 
much larger size. For example, RMB 
Type RF FILMOSEAL bearing (illustrated) 
available in sizes from .1969” O.D. has 
these important design details: 
A—Deep groove races, uninterrupted 
by filling slot. 


B—Balanced, two-piece ball retainer. 
C—Non-rubbing capillary oil seal. 
D—Dust shield. 

E—Precision tolerances. 


In the manufacture of all RMB bearings, 
no matter how small, there is never any 
compromise with the principles of good 
bearing design. 


ANDIS & GYR 


INCORPORATED) 
45 WEST 45TH STREET, NEW YORK 36 \ 


Fes 


Self-aligning 





The simplest and most com- 
pact of the minioture types. 
Use them where size, 
weight and cost must be 
kept low, yet where you 
wont the low friction and grecter endur- 
once of a ball bearing. Typical applica- 
tions: Meter movements, smal! geor trains, 
lever pivots. Sizes: From .043” to .423” 0.0 





ANGULAR CONTACT 


Self-aligning 
with inner race 


Similer in capacity and ap- 
plication to the pivot types, 
but somewhot easier to in- 
stoll becouse they toke 
cylindricel shofts. These types, os well os 
the pivot types, ore self-cligning, will 
corry thrust and radial loods. Sizes: From 
157” te .787” O.D 








RADIAL 


Without inner race 


Particularly useful where 





loods ore relatively light, 
low starting torque ond 
high shock ond weor re- 
sistence ore important. Typical applications 
Pivots for balance arms; shoft supports in 
control ond recording mechanisms. Sizes: 
From .1181” te .4724” O.D. 





RADIAL 
Deep Groove 
with inner race 


These Conrod type preci 
sion boll beorings, with 
deep groove design and 
bolonced ball retainer, 





provide moximum load ca- 
pacity, high running speeds, long life. 
Typical applications: Small motors, sound 
recorders, computers, potentiometers. Sizes: 
From .1181” te .8461” O.D 








OTHER TYPES 


MANY SPECIAL TYPES 
AND DESIGNS NOT 
SHOWN HERE ARE ALSO 
AVAILABLE IN A WIDE 
RANGE OF SIZES. WRITE 
FOR COMPLETE NEW CATALOG WHICH 
INCLUDES INFORMATION ON MOUNTING 
AND APPLICATION OF MINIATURE AND 
INSTRUMENT BEARINGS. 








Catalogs 
and 
Bulletins 





Request additional information using 
posteards following page 24 


(R-1) NEEDLE BEARINGS The 
Torrington Co., Catalog 32-B, 112 pp 
Engineering and application data on 
various types of needle bearings. Has 
information on: calculations of needle 
roller —— constants; load 
capacity; design factors; shafts; hous- 
ings; precision fits; installation meth- 
ods: lubrication; dimensions; and 
mountings. Covers all fields of applica 
tions, with illustrations, line drawings, 
and other data for each 


(R-2) AIRCRAFT COMPONENTS 

Diaphlex Corporation, Catalog, 93 
pp. Has many illustrations and com- 
plete specifications on a line of pres- 
sure switches, bellows, relays, time de- 
lays, sealed components and special 
devices. Stamp action switches and all 
metal diaphragms have a normal pres- 
sure range from 0 to 5,000 psi, and 
will withstand pressures to 15,000 psi 


(R-3) TUBE FITTING—The Impe- 
rial Brass Mfg. Co., Catalog 3500, 74 
pp. Illustrations, descriptions, and spe- 
cifications for a line of tube fittings for 
connecting copper, brass, aluminum, 
steel, and other metal tubing. Covers 
all pipe fittings, flexible hose and at 
tachable fittings, valves, faucets, drain 
cocks, strainers, and others 


(R-4) BRONZE BEARINGS The 
Bunting Brass & Bronze Co. Catalog 
52, 74 pp. Divided into sections on 
standard stock bearings; bars; electric 
motor bearings; and engineering data 
There are 854 different sizes of stand- 
ard stock bearings listed from 3/16 to 
4\/, in. 1.D., with a range of outside 
diameters available. Also, 324 different 
electric motor bearings are listed 


(R-5) RETAINING RINGS 

Waldes Kohinoor, Inc. Catalog 50 M 
52 pp. Has engineering specifications, 
data, and other information covering 
17 different types of rings and more 
than 600 different sizes. Gives ring 
and groove dimensions, clearance, al- 
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74 wide range of sizes for an ever-expanding field of applications. 

















Unibal SPHERICAL BEARINGS + SPHERICAL 
BEARING ROD ENDS * ROLLER BEARINGS 
SELF ALIGNING BALL BEARINGS * PILLOW 
BLOCKS + ROLLER BEARING AND BALL 
BEARING FLANGE UNITS. 















UNIBAL SPHERICAL 
BEARING 





The Unibal Spherical Bearing is a really 
amazing bearing principle employing a MALE & 
single ball bored to fit shafts from .1250 FEMALE 
to 1.875. Diameters of bearing housings 


from .469 to 4.000. 
ROD ENDS 


i. 


















There is a HEIM 
bearing to meet 
YOUR require- 
ments. 


FLANGED ROLLER 
BEARING 








Please write 
for complete 






ae BALL & ROLLER BEARING 
FLANGED BALL PILLOW BLOCKS 


BEARING 





CAST IRON BODY 
PILLOW BLOCKS 





BALL & ROLLER BEARING 
FLANGE UNIT 











THE HEIM COMPANY 
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The OPTICAL Too! 


that checks errors 


INSTANTLY 


——— 





* To check mistakes, 
magnify them! 


Fine tolerances, dimensions, assem- 
bly, delicate adjustments, are all 
measured and checked easily, swiftly, 
with a 


Stocker &Yale 
OPTICAL COMPARATOR 


Built ruggedly, with top-quality op- 
tical systems, Stocker & Yale Optical 
Comparators project the image of 
work or model and part on a hooded 
screen, magnified to desired size suit- 
able for inspection. 


Versatility is a feature — easily 
changed from horizontal contour to 
vertical contour to front surface by 
your operator. Designed for cool op- 
eration, with light away from inspec- 
tor, a Stocker & Yale Comparator 
can reduce rejects, increase efficiency, 
speed production. Several dimensions 
can be checked simultaneously, and 
assemblies inspected while perform- 
ing the operation, independent of in- 
herent dimensions, 


Newest is Model 66 with 6” x 6” 
screen, and adjustable magnification 
to suit work at hand. Hooded screen 
intensifies clarity; rugged construc- 
tion insures long life. 


For detailed da‘a, write: Dept. 29 


Stocker&Yale 


GREEN ST., MARBLEHEAD, MASS. 











Get Your Copy 
of the 
Annual 
HANDBOOK 
of 
Product 
Design 
for 1954 


If you aren't already 
a Product Engineering 
subscriber, and you'd 
like to take advantage 
of this opportunity to 
get your own copy of 
this HANDBOOK as a 
gift, you can make use 
of the convenient sub- 
scription cards follow- 


ing pages B32 and H32. 


By mailing the card 
promptly, you will re- 
ceive this year’s HAND. 
BOOK, plus twelve 
valuable issues of Prod- 
uct Engineering each 
year, PLUS a new 
HANDBOOK every 


November. 


There is no compara- 
ble editorial service 
available to product- 
design engineers. Don’t 
let another month go 


by... subscribe now. 
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the Versatile 
Jorrington 


SRG 
~COILE 


The versatile Torrington 
Spring Coiler makes springs 
better, faster, cheaper! Ask 
professional spring-makers— 
they'll tell you that Torrington 
Coilers with torsion and 
other attachments give fast, 
accurate production of almost 
any useful spring at low 
cost. Write for catalog or 
quotation, stating wire diameter 
range required. 


2 


MODEL SHOWN: W-11 Segment Type, for wire 
015” to .072" diameter and up to 42” wire 
length. Coil range (O.D.): 3/32" to 1-9/16 


~ TORRINGTON 


MANUFACTURING COMPANY 
TORRINGTON. CONMECTICUT 
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The models shown here are only the smallest fraction of the 
great variety of sliding devices made by Grant. Even our G RA N i N D U ST R I A L S L I D E S 


catalog tells only part of the story, since countless varieties 


are readily available, using combinations of existing ns 

components. Feel free to consult on any sliding problem. Write 4 Represe ntative M 0 d els 
for our Industrial Slides Catalog. Grant Pulley & Hardware 

Corporation, 31-85 Whitestone Parkway, Flushing, N. Y. 


380 SUPREME HEAVY DUTY SLIDE 


Heavy duty three section telescop 

slide. Continuous ball bearing action 
Locking mechanism available. Sections 
ore 148-T6 aluminum alloy. Specify fe 
stainless steel parts and clear onodize 


finish 


Load Capacity: 500 Lbs. per pair 








NO. 317 GRANT HEAVY DUTY SLIDE 


Two section slide with rollers for mov 
ng unit. Ball bearing action. Rollers 
permit full travel if set at front of 
moving unit. Center track aluminum 
alloy or cold rolled steel. Channel! .109 


zinc picted stee 


Load Capacity: 200 Lbs. per pair 





BT SLIDE 


Light duty three section telescoping 
slide. Continuous ball bearing action 
Permits full travel less 1-'/,’ Locking 
mechanism available. Sections 245-T4 


Sciuminum aiioy 


Load Capacity: 50 Lbs. per pair 
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NO. 390 SUPREME MEDIUM DUTY SLIDE 


hree section telescoping siide Lo 
nuous ball bearing action. Permits 
travel longer than slide length. Avo 
able for locking in open position and 


with tilting (to 90 degrees) mechanism 


Sections 148-T6 alum 


load Capacity: 100 Lbs. per pair 


Product Engineering 1954 Annval Handbook 











synthetic 


SAPPHIRE « RUBY 


Wear Plates ¢ Insulators 
FOR Spacers ¢ Contacts 
Supports 





































Single Homogeneous Crystals 


Extreme Hardness (MOH-9) 

Surface Finish To “O" RMS 

High Dielectric Strength—Non-Porous 
Easily Bonded To Metals 

Ground e Flame Polished e Polished 


Write Today for Full Details 


INDUSTRIAL SAPPHIRE COMPANY 
BOX 422, QUAKERTOWN, PA. 








ANTI-FRICTION BEARINGS 


SPECIAL SIZES AND TYPES 


To meet YOUR space and load requirements 


RADIAL BALL BEARINGS 
RADIAL ROLLER BEARINGS 
ANGULAR CONTACT BEARINGS 
NEEDLE ROLLER BEARINGS 
THRUST BALL BEARINGS 
THRUST ROLLER BEARINGS 


MORTON BEARING COMPANY 


recently moved to a new and larger build- 
ing with additional equipment and person- 
nel. Engineers are experienced in assisting 
customers in bearing design and selection to 
solve individual problems. 


Submit data on your requirements for prompt 
dependable suggestions on engineering, de- 
livery, and prices. A Thrust Bearing Catalog 
will be sent on request. 





MORTON BEARING COMPANY 
815 Wildt Street, Ann Arbor, Michigan 


F72 
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(R-12) OILLESS BEARINGS—Ar- 
guto Oilless Bearing Co. Catalog 210, 
20 pp. Points on screw conveyor bear- 
ings, conveyor roll bearings, installa- 
tion instructions, list of standard sizes, 
engineering information, and other 
specifications. Has illustrations, curves, 
and tables 


(R-13) RECORDING & INDICAT 
ING TACHOMETERS—The Bristol 
Co. Bulletin $1402, 20 pp. A line of 
recording and indicating electric ta- 
chometers for measuring speed of ro- 
tation or travel, processing time, speed 
ratios, sum of difference of speeds, and 
average of speeds. Engineering speci- 
fications and specifications on magnetos 
and types of magneto drives are given. 


(R-14) BALL & ROLLER BEAR. 
INGS—The Gwilliam Co. Catalog 28, 
16 pp. Describes a line of ball thrust 
bearings, step bearings, journal roller 
bearings, industrial roller bearings, and 
special bearings. Has large cross-section 
drawings of each type, together with 
specifications 


(R-15) SHOCK MOUNTING SYS- 
TEMS—Robinson Aviation, Inc., Bul- 
letin 750, 16 pp. Illustrated the devel- 
opment of all-metal mounting systems 
for the maximum vibration isolation 
and shock protection of electronic 
equipment. Defines shock, vibration, 
and shows the effect of vibration on 
equipment. Has illustrations of all 
types of mounts. 


(R-16) ROLLER BEARINGS—Ber- 
liss Bearing Co. Catalog 522, 16 pp. 
Contains a complete description of, 
and specifications for the bearing se- 
lection for the materials, handling, 
automotive, agricultural machinery, 
and transportation industries. Covers 
rollers, bearings, roller assemblies, 
plus bearing selection data covering 
load speed factor, bearing life, and 
shaft factor. 


(R-17) MICRO PROCKSSED 
SPRINGS—Instrument Specialties Co., 
Inc., Catalog 7, 16 pp. Description and 
illustrations of wide range of com 
pression springs, brush springs, flat 
springs, strip springs, metal contacts, 
and standard products, all made of 
beryllium copper. Also has table of 
recommended tolerances for springs. 


(R-18) PUSH-PULL CONTROLS— 
Simmonds Aerocessories, Inc., Booklet 
AD-311, 12 pp. Illustrated with pho- 
tos and drawings, the booklet covers 
construction features, types of installa- 
tions, design details, principal compo 
nents, and layout planning on precision 
push-pull control. Information is given 
for light and standard duty units in 
rigid or flexible housings 
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THE MB MANUFACTURING COMPANY, INC. 


1060 State Street, New Haven 11, Conn. 


MB VIBRATION EXCITERS and CALIBRATORS 


Producing results quickly, dependably, and often visually, MB Exciters 
have many important applications. For example: (1) Fatigue testing of 
mechanical and electrical structures to destruction under dynamic loads 
. . . (2) Determination of noise sources in automobiles, bodies and 
chassis, air conditioning equipment, blowers and similar equipment . . . 
(3) Shake testing of electrical components such as relays, switches or 
radio chassis to determine the ability of components to operate under 
high vibratory loads . . . (4) Determination of damping characteristics 
of rubber, steel, brass, plastics and other materials . .. (5) Identification 
of resonant frequencies and modes. These exciters also provide a con- 
venient means for determining natural modes of wings, stabilizers, fin 
and control surfaces on aircraft structures. 


These exciters are designed to conduct vi 
bration tests to MIL-E-5272 and 41065-B 
and other specifications. 





Rated Power Usable Range 
Force Supply c.p.s 


10 Ib. in. Electronic 20 to 20,000 Mode! ACS-25 auto 
cycling system 
: : f MB Models C-5 

25 Ib " Electronic 4 to 70,000 a6 6.28 Gleciien 
; . Exciters. Exceeds re- 

50 Ib. in. Electronic 4 to 70,000 quirements of MIL- 
50 Ib. V2 in. Electronic 4 to 70,000 5 ears. Provides = 
200 Ib. in. i (1) Autematic contro 
- Reteting 3 to 500 of frequency and ac- 


. i. 
ae. ~ Rotating 3 te 2000 wath) “Automate 
Wo i amplitude or acceler- 

2,500 Ib. a. Rotating 3 to 1000 ation control, manual 
10,000 tb. in. Rotating 3 te 1000 frequency variation 


C-250 25,000 Ib. 2 in. Rotating 3 to 1000 
c-500 50,000 Ib. 2 in. Rotating 3 to 1000 





*Also suitable for calibration of vibration pickups. 


FOR VIBRATION MEASUREMENTS C& wa aca 


MB VIBRATION METERS 
Precision Model M-1 and M-3 meters offer complete, compact 
units for vibration measurements when used in conjunction with 
the MB vibration pickup. Provide for accurate readings of 
accelerations, velocities, amplitudes. Simple, rugged, battery- or AC 
operated, and portable, these instruments are outstanding for quality 
control or research 


MB VIBRATION PICKUPS 


Are sensitive to low amplitude vibration can be 








used with 
wide range of equipment simple field adjustment converts from 
horizontal to vertical use . . electrically damped maintain 
calibration over wide temperature ranges . . . resonant 
below 5 c.p.s. Several models, including Type 122 which 
at temperatures up to 500°P. 


frequency 


is usable 


MIL-1-5432 (AN-I-l6éa) can be met with Isomode* Type 17 vibration isolators 
which are available for loadings of '; to 100 pounds per unit. An outstanding 
feature is the equal spring rate in every directon 


ISOMODE* INDUSTRIAL-TYPE ISOLATORS—These units provide large deflection 
ratings together with high load capacity, small size, and exceptional stability 
Have equal spring rates in all directions—mount at any angle, absorb vibrations 
for every plane. Unit load-range 50 Ibs. to 2500 Ibs. Write for the /somode Design 
Chart 


OTHER TYPE ISOLATORS also available, including units for special applications 
Isomode grommets; mounts with small dimensions. Contact us on your specific 
requirements 


TTT 


Product Engineering — 1954 Annual Handbook 








Dp 








small quantity runs, our complete, 
modern facilities are at your dis- 
posal for any special formed tub 
ing you might require. 


BENDING — FLARING 
SWAGING — ASSEMBLING 


Our engineering department will 
help develop special designs, sub- 
mit samples and quote on your 
tubing requirements, special lubri- 
cating devices and oilers. We al- 
ways maintain a large stock of 


WRITE FOR CATALOG 


Our new catalog is designed for your 
purchasing and engineering needs. I/- 
lustrates and gives complete data on 
all standard oilers. Send for your copy 





SPECIAL TUBING 


and 


OILER 


volume production or 


oilers at the Detroit 





EYNON-DAKIN COMPANY 


9911 FREELAND AVE. 


DETROIT 27, MICH. 




















TELEFLEX 


MECHANICAL REMOTE CONTROLS 


Unlimited Rotary Motion— Meshing of 


Teleflex screw-type Cable with specially 
hobbed gears housed in Teleflex Control 
Boxes permits unlimited shaft rotation. 


Efficiency—The unique construction of 
Teleflex Cable provides control systems 


that operate efficiently in both tension 
and compression. 

Minimum Lost Motion—Close toler- 
ances held between Teleflex Conduit and 


the Cable reduce snaking of the cable 


within the conduit. 


Flexibility—Teleflex conduit and cable 
can be routed around obstructions and 
through areas where space is limited. 
Ease Of Installation—Telefiex Controls 
are assembled on-the-job from standard 
Teleflex parts. Prefabricated controls are 
available for short run controls. 
Engineering data for calculating operat- 
ing loads and backlash is available upon 
request. 


Write now for our latest brochure 302B 


TELEFLEX INCORPORATED 


125 So. Main Street No. Wales, Pa. 











(R-19) ROTATING MECHANI- 
CAL SEAL—Durametallic Corp. Bul- 
letin 455, 12 pp. Presents data on ap- 
plications, plus large cutaway views of 
a mechanical seal that rotates with the 
shaft, and is designed for use with 
centrifugal and rotary pumps, auto- 
claves, agitators, blowers, and other 
rotating equipment 


(R-20) MECHANICAI SEALS 

The Crane Packing Co., Booklet, 10 
pp. Discusses the fundamental design 
principles of the end-face mechanical 
seal, with cross-sectional drawings to 
help illustrate each point. Types of 
mechanical seals discussed are: general 
purpose seals, automotive water pump 
seals, cartridge type high-production 
unit seals, high-pressure hydraulically 
balanced seals, seals for corrosive high 
temperature service, and highspeed 


( losures 


(R-21) VIBRATION ISOLATORS 

The MB Mfg. Co., Bulletin 410B 
12 pp. Illustrates: fundamental mo 
tions of vibrating bodies: structures 
for combating it, and using the elas 
ticity of rubber. Has large selector and 
design charts and also includes com 
plete specifications, and description of 
the vibration exciter, calibrator, and 


1 
yICKUPS 


(R-22) BELLOWS TEMPLATE KIT 

The Clifford Mfg. Co. 5 pp. A new 
short cut for reproducing the many 
onvolutions of metal bellows consists 
of a kit of bellows template, covering 
the 20 most popular bellows sizes. The 
selected template is placed under tra 
ing paper, and reproduced 


(R-23) BALL BEARINGS—Nice Ball 
Bearing Co. Catalog 150. Listings 
cover: standard radial thrust, and con 
bined radial-thrust bearings of both 
precision and unground types, and in 
clude several new lines. Special bear 
ings, ball bearing rollers, sheaves | 
wheels are included 


(R-24) SELF-ALIGNING ROLLER 
BEARINGS—tThe Torrington Co. Bul 
tin 200-C. Has spherical roller bear- 


ing width tolerance chart: thread, 
locknut and lockwasher data; and 
terchangeability chart. Also lists: lif 
xpectancy; capacity ratings life { 
tors: installation and service factors 
speed data; loads; fits; and lubrication 


(R-25) PRECISION METAL PARTS 
The Torrington Co. Booklet, 4 pp 

Illustrations of the many small parts 

that ar made to ¢ lose tol ran s. Son 

} 1] ae ~ D etn 


of the parts described at special pins 
ind pivots; rotary swaged rods; screw 
driver blades: wires and tubing in all 
kinds of metals; mandrels nches 


LDOTAasi\ pomecs 
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Advertisement 


Exclusive Techniques and 


Services for Better 
Design, Increased Output 
—at Lower Cost 


Micro-Processing is an advanced 
technique, exclusively developed by 
I-S, which permits greater design lati- 
tude—because the springs are tem- 
pered after forming. Combined with 
the extraordinary spring properties of 
beryllium copper, M/P assures an ex- 
tremely high degree of uniformity. 
Comparison with conventionally-made 
springs has shown M/P to be 2 to 10 
times more accurate. With this exclu- 
sive technique, we consistently predict 
and rigidly control the critical shapes, 
dimensions and elastic properties de- 


signed for your specific application. 


Thousands of applications by lead- 
manufacturers of electronic and 


ing 
electrical equipment have proven the 
economy—of both time and actual 
product cost—obtained through using 
I-S Micro-Processed beryllium copper 
springs. 


Quality-Co trol 


To assure the high standards of uni- 
formity set for all I-S springs, each 
coil of beryllium copper strip and wire 
is laboratory tested and certified be- 
fore using. Rigid inspection proced- 
ures are maintained at every phase of 
the processing and fabrication. 


Free Engineering Se ice 


The specialized experience and 
knowledge of our engineering staff is 
at your disposal on any problem of 
spring design. Often you can affect 
considerable economy through our 
knowledge of spring fabrication. Then, 
too, our vast experience in limitations 
of functional properties in spring de- 
sign helps you meet your production 
deadlines. There is no cost or obliga- 


tion for this service. 


I-S Short Ru se ce 


For pilot model testing, “small-fry” 
orders . You can easily and eco- 
omically check your design perform 
ance with regulatl production line 
springs of bery copper vithout 
the cost of regular production quanti 
ties, or without resorting to inaccurate 


handmade springs 


Our Short Rur 


ed expressly to handle sma 
production at low cost o! springs 
made specifically to your own design. 


Ask about this ervice it’s 


ind economi« al 


Instrument Specialties Co., Inc. 


234-B Bergen Blvd., 


Product Engineering 


Micro-Processed* 


Beryllium Copper Springs 


to help solve your radio-electronic problems 





M FINGER CONTACT STRIPS . . . for elec- 
tronic equipment—ovailable in a vari- 
ety of contours without tool cost. Length 
—width—mounting holes—and finish 
optional. For information — Write 
for Bulletin B-52. 





H@ COIL SPRINGS . . . the finest available 
combination of high strength and uni- 
formity. Made to your specifications, 


@ ENGINEER'S ASSORTMENT 


copper helical compression springs 50 


poirs—all different 


Instrument Specialties company, inc. 


W@ 234-A BERGEN BOULEVARD, LITTLE FALLS, NEW JERSEY 


Telephone Little Falls 4-0280 


1954 Annual Handbook 


HE ENGINEER'S MICROWAVE KIT . . . saves time and money 
in development work. Contains 9 beryllium copper, jig- 
hardened circular contact rings and 6 finger contact strips. 




















































@ CONTACT RINGS . . . stondard—and 
made to order. Truly circular—to in- 
sure equal pressure from all fingers. For 
information — write for Bulletins 
C-52 and D-52. 





@ MINIATURE SOCKET AND PLUG BOARD 
CONTACTS . . . produced with automatic 
tooling. Pressure on plug pins and tab 
ductility contro!led within close limits, 


. 100 beryllium 





















FLAT BOTTOM 


WOODRUFF 











te Qualiy Lene 


of Precision Made Steel Products 


KEYS-ALL TYPES - COTTER PINS 
TAPER PINS - STRAIGHT PINS 
MACHINE RACK - SPECIAL PARTS 


KOOLHEAD Foundry Chill Nails 





WRITE for 
DESCRIPTION 
and PRICES 





HIORSE NAIL C CORP 


FOR FARM AND INDUSTRY 


BLBCTRIC 
WHEELS ARE RIGHT 


Over 65 years in wheel manufacturing 
have given us the “know how" — 
modern production methods assure 
long life and efficient wheel 
performance in the field. 


There is an ELECTRIC spoke or 

disc wheel for most types of portable, 
equipment. Axles are available 

where required. 


Our experienced engineers are 

ready to assist you in solving your 
wheel and axle problems and 

we will offer our recommendations upon 
receipt of your specifications. 


WRITE FOR CATALOG 


ELECTRIC WHEEL CO. 


2816 CHERRY, QUINCY, ILL. 











Precision & Uniformity 
in the Ball with . 


The Armored Heart!* 





Abbott Carbon Stee! Bearing Balls meet Industry's most 
rigid requirements. Each is a model of precision, unsur- 
passed for sphericity, size tolerance, depth of case and 
other essentiais of fine carbon steel bearing balls. 
Equally important, Abbott Balls are known to thousands 
of users for their uniformity and constant adherence to 
specifications. Specify Abbott... you can't ask for a 
better carbon steel ball! 








*ONLY Abbott makes The BALL with The Armored Heart—the carbon 
steel bearing ball which is DEEP HARDENED and TEMPERED for maxi- 
mum life, shock resistance and load-carrying ability. 











WRITE FOR THE ABBOTT CATALOG-MANUAL 


The ABBOTT Ball Company 7 =p 


55 RAILROAD PLACE 
HARTFORD 10, CONN., U.S. A. 





Stock molded 
shade ps ™ DIMCO-GRAY 





NO TOOL CHARGE! 
PROMPT DELIVERY ON... 


Round Ball Knobs 

Lid Knobs 

Knurled Hand W heels 
Tapered Handles 
Agitator Caps 


Terminal Nuts 
Oval Ball Knobs 
Instrument Knobs 
Knurled Knobs 
Push Button Knobs 


Standard Army-Navy Instrument Knobs and Terminal Boards 


OWG. NOS. 46442256. 47040 7. 4664 s BI3038. 46842749. 49814919 


Write for Complete Catalog! 


DIMCO-GRAY COMPANY 


206 EAST SIXTH STREET © DAYTON 2, OHIO 
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lowable thrust loads, and safety rpm 
limits. Also applications covering self- 
locking ring types, basic ring types, 
rings for taking up end-play and rings 
applied radially. 


(R-6) THERMOCOUPLE ASSEM- 
BLIES—Leeds & Northrop Co., Cata- 
log EN-S2, 44 pp. Titled “Thermo- 
couple Assemblies, Parts and Accesso- 
ries’, it offers information on available 
couples and couple assemblies for gen- 
eral applications, and includes a sec- 
tion on special couples for plant and 
laboratory use. Also lists accuracy lim- 
its of couples, temperature and physical 
limitations of thermocouples, and pro- 
tecting tube materials 


(R-7) HERMETIC SEAL BUSH- 
INGS—Heldor Bushing & Terminal 
Co. Inc., Bulletin, 42 pp. Contains 
many engineering drawings, and parts 
lists for a variety of compression-type 
hermetic seal bushings. Also has stud 
and washer specifications, regular and 
convoluted steatite specifications, gland 
specifications, and case and cover as- 
semblies 


(R-8) CARBON GRAPHITE PARTS 

Pure Carbon Co. Inc., Bulletin 52, 
32 pp. Includes complete technical data 
on properties, description of grades, 
methods of attachments, table of aver- 
age characteristics and chart of expan- 
sion of various metals, as compared to 
pure bon carbon materials. Describes 
the use of materials for bearings and 
seal rings and for turbine shaft packing 
rings, pistons and piston rings, pump 
and compressor blades, valve seats, me- 
ter pistons and half balls, and trolley 
wheels and shoes 


(R-9) DIAL THERMOMETER— | 


Marsh Instrument Co. Catalog 76-T, 
30 pp. Gives complete specifications, 
line drawings, templates and dimen 
sional charts for each individual dial 
size type. Discusses movement and con 
struction of each 


(R-10) WHEELS AND CASTERS 

Aerol Co. Inc., Bulletin 301-25M, 24 
pp. Complete data, specifications, cut- 
away views, and engineering drawings 
of aluminum industrial wheels and 
casters. Discusses general purpose; me- 
dium duty; pneumatic; and heavy duty 
wheels; and types of bearings used 


(R-11) DIAL THERMOMETERS 
Taylor Instrument Co., Bulletin 98214, 
24 pp. Describes the latest develop- 
ment in 6 in. dial indicators for tem- 
perature, pressure, and load applica- 
tions. Has data and illustrations of 
features, dials, and scales available, and 
different types of actuation. Recom 
mended applications for each of the 
various indicators are listed. 
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fou can achieve the sealing efficiency you want . . . eliminate 


specification problems . . . work unhampered from drawing 
board to production—when you work hand-in-hand with “Joho 
Crane’s” experienced engineering staff and available facilities. 

Get quick, finger tip information on “John Crane's” complete 
line of high production mechanical seals—for every conceivable 
service—to meet your particular needs. Send now for illustrated 
technical catalog. It’s your’s upon request. 


TYPE 6-A 


Pressed-in 
packaged unit 
recommended for 
small shafts on hot 
or cold water, oil, 
gasoline or 

soapy liquids 
pressures to 75 psi 
... temperatures 
from —65° F. to 
-+-220° F. Available 
in stainless steel or 
bronze. 





TYPE 19 


An all-purpose 
seal suitable 

for handling 
practically any 
liquid or gas, 
including highly 
corrosive acids 


TYPE 11-A 


Pressed-in 
packaged unit with 
spring inside 
synthetic rubber 
bellows to protect 
against corrosion. 
For hot or cold 





water, oil, gasoline and oils. 

or soapy liquids .. . Low or high temperatures from — 100° F. to + 

pressures to 35 psi 450° F... . pressures to 200 psi. Incorporates 
. . temperatures highly efficient sealing cones made of 

from —65° F. to Du Pont’s Teflon, which is inert to practically 
+212° F. all chemicals. 


aasee eee eee ewe oe = + 





Crane Packing Company, 1837 Belle Picine Ave., Chicago 13, Iilinols 


CRANE PACKING COMPANY ' 
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NEW BOOKS 


Fastening 


and Joining 





Structural Adhesives. Lectures giv- 
en at a school conducted by The 
Aero Research Ltd., Duxford, Eng- 
land. 8 x 10 in., 203 pp. Lange, 
Maxwell, & Springer, Inc., 420 
West 45th St, New York, N. Y. 
$4.20. 


With charts, diagrams, illustrations, 
and tables, this book consists of a 
series of lectures of the technology of 
synthetic-resin adhesives. Specific ap- 
plications are discussed in two sections: 
adhesives in engineering, electrical 
manufacturing, and allied industries, 
covering metal bonding, bonding of 
ceramics, and the like. Also adhesives 
in the wood working industries, cover- 
ing gluing, glued joints, etc. Introduc 
tory chapters the chemical 
fundamentals of various adhesive ma 
terials, the strength of glued joints, and 
other basic ideas. Of particular value 
to those engaged in the aircraft and 
lectrical industries 


discuss 


Aircraft Welding by Col. Rollen H. 
Drake. 6 x 9 in. 254 pp. The Mac- 
millan Co., 60 Fifth Ave., New 
York 11, N. Y. 


One 
mechanics, 


of a series of books on aircraft 
Aircraft Welding 
The general properties of metals; iron 
and iron alloys; welding aluminum and 
its alloys; principle metals used in air 
craft structures; heat treatment: tech 
nical drawings; methods of welding 
fundamentals and techniques; joints 
used in aircraft welding: testing welded 
joints; brazing, bronze welding, solder 
ing; welding copper and copper alloys 
castings, corrosion-resistant alloys; hard 
surfacing; and many other helpful 
topics. Contains 326 illustrations 


overs 


Fasteners Data Book. Published bj 
The Industrial Fasteners Institute, 
3648 Euclid Ave., Cleveland 
Ohio. 8 x 10 in., 208 pp. $3.75. 


15, 


data on the en 


plic ation of 


This compiiation of 
gineering and ap industrial 
fasteners—bolts SCrews, 
and special headed and threaded prod 


nuts rivets 


ind reprinted 
Fasteners, a 


ucts has been selected 
publication 
issued regularly by the Institute. The 
articles bear directly design 
and use of fasteners 


Fis 


from issues of 


upon the 


ind if written 


by men with experience in each par- 
ticular topic. 

A few of the papers are: How Tight 
Should a Bolt Be; Heat Treating; 
Physical Properties of Automotive 
Bolts; Bolt Stress Measurement by 
Electrical Strain Gages; Metal Fasten 
ings in Wood Construction; Hi-Shear 
Rivets; Cold Heading Improves Ma 
chine Parts; Predicting Bolt Tension 
Standard Tests for Bolts & Nuts; Sems; 
Cold Forged Inserts; Safety Factors in 
Screw Thread Assemblies; Do Rivets 
Retain Their Initial Tension; Specialty 
Fasteners or Gadgets; and many others 


Mechanical Fastening Methods For 
Aluminum. Published by the Rey- 
nolds Metals Co., Louisville 1, Ky. 
6 x 9 in. 136 pages. 


In addition to welding, brazing, and 
soldering, a wide variety of mechanical 
fastening methods are used to join as 
semblies involving aluminum parts 
This book has data for the designe 
and manufacturer on the various tyt 
of mechanical joints and fasteners for 

with aluminum 
Under the heading of 
Rivets it covers the design of 


us¢ 
Standard 
rivet d 
joints, with line drawings showing th 
various types and formulas for 
puting the various strengths. Also, with 
many illustrations, it discusses the fab 
ricating of riveted joints. A largely p 
ture-caption type section discusses th 
types and application of special rivet 
The many types of nuts, bolt heads 
screw heads, and types of threads ar 
illustrated and 


com 


alone with 


illustrations of their manufactur 

The remaining informative chapters 
are on: special screw fasteners; nails 
ind pins; metal stitching; mechanically 
formed joints; and resin tables 

At the end are 17 tables pertaining 
to the discussions in the chapters pr 
viously listed 


disc ussed 


Modern Steel Bolting for Piping 
and Pressure Vessels. Paper No. 52- 
PET-7. Published by The American 
Society of Mechanical Engineers, 
29 West 39th St., New York 18, 
N. Y. 


The paper was prepared for use by 
the designers who select bolting for 


Product 


piping and pressure vessel service. It is 
directed toward a practical understand- 
ing of the many specifications and 
grades, their field of application, and 
their current availability. To this has 
been added a brief summary of the 
thinking behind the allowable design 
values in the codes, and a discussion 
of design problems and field assembly 
practices. Also included at the end are 
several charts on Bolts and Studs, Nuts 
and Flange Material and ASA Flang¢ 
Ratings. Details given with the bolts 
and studs, and nuts are: type of ma 
terial; grade; chemical composition 
minimum tempering temperature; 
minimum tensile requirements 


and 


Welding Aluminum Published by 
the Reynolds Metals Co., Louisville 
1, Ky. 6 x 9 in. 184 pages. 


Intended as a handbook on welding 
aluminum rather than a book on weld- 
ing alone, it supplies the engineer, al 
ready familiar with the welding of 
other metals, with information on thx 
welding, brazing and soldering of 
iluminum 

Complete descriptive data, along 
with a section of 35 tables at the end 
of the book, the following subjects are 
discussed: processes suitable for alu 
minum; aluminum alloys; gas welding 
aluminum; the types of arc welding of 
aluminum; flow welding; stud welding 
aluminum; induction welding; resist 
ance welding, including spot, projec 
tion, seam, flash, and percussion; upset 
welding; and pressure welding. Under 
brazing: torch, furnace, salt bath dip, 
induction, and resistance brazing 


Involute Splines. Paper B5.15. Pub- 
lished by The American Society of 
Mechanical Engineers, 29 West 
39th St., New York 18, N. Y. $2. 


Tables 


e clearances 


and effec 
diameter fits, 
flat root and 
e fillet root types, basic m« 


Give dimensional 

minor 
dimensions for both th 
' asurements 
pin 
and hob and broach di 
There are provisions for al 


lowable errors, formulas for calculating 


between and over pins, special 


measurements 
menstons 
pin measurements and torque capaci 
placing di 
ind data on drawings 


ties, and suggestions for 


mensions 
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SECTION G—FASTENING AND JOINING 


How The Unified Screw Thread System Will Be Revised . . 


Small Rivets for Big Jobs . 
How to Design Parts That Assemble and Lock by Twisting .... 
How Service Requirements Govern Design of Brazed Joints .. 


Methods of Attaching Glass to Metal Structures . 


Cold Welding of Aluminum . 


Ni 
¥ 
‘ 


Fundamentals of Resistance Welding ..... 


%. Sad 
Srey 


Information on Pressure Type Connection 


Are, 
sages 4 


Developments to Watch 


g = 
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How the 


G FASTENING AND JOINING 


From: THE MACHINIST, London 


Unified Screw Thread System 
Will Be Revised 


After a three year trial period the Unified Screw Threads System, instituted 


by The United States, Great Britain and Canada, is about to be revised, Additional 


specifications, especially those dealing with aircraft fasteners, are being drafted for industry-wide 


comments and corrections. Here are some of the changes that 


are proposed by the joint committee. 


Manager 
Bolt Ltd 


Technical 


T. AFFLECK 

x 

A 

AS A RESULT of experience gained dur- 
ing the trial period since publication 
of the Unified Screw Thread 

tion in 1949, 
revisions are to be 


s specifica 
ertain modifications and 
made. Only one 
amendment has been made up to date 

and that altered the pitch of the 
lf, in thread from 12 to 13 
threads per inch (tpi) 


coarse 


Another pitch change being consid 
ered is in the 1 in. dia thread that was 
unified at 12 tpi instead of the Ameri- 
can National Fine series (ANF) of 14 
that it will be 
changed to 14 tpi as American and 


tpi. Indications are 


Fig. 1—Most important modification suggested is in thread form. Sug- 
gested change is permission to use the flat crestserew thread as an 


alternative to the radiused crest. 


Effect of cutting threed on 
material below moximum dig. 
using chosers with rodius 


bo 

















Product Engineering 


—— -<--—p ee re 


British firms are still using the ANI 
thread pitch 

One of the most important modifi 
cations relates to thread form. How 
ever, this change is more of a new in 
terpretation of maximum and minimum 
metal conditions for the 
threads than an actual change 


external 


Crest Form 


As originally agreed, Fig. 1, the crest 
of the external thread was to be radi 
used. Since then, proposals have been 
made to allow the use of the American 
flat crest as an alternative. The use of 
two crests creates the possibility of in- 
terference at maximum metal condi 
tions between the American flat-topped 


external thread and the British internal 
thread with a radius in the root equal 
to 0.108 p The interference, Fig. 2, ts 
negligible until large diameters and 
oarse pitches are used 

It is now suggested that in the maxi 
mum and minimum metal condition the 
rest of the internal thread can be flat 
Then, the crest of the external thread 
can be anywhere between these boun 
daries, Fig. 1. Associated with this 
change is the alteration of the 0.108 p 
radius in the root of the internal thread 
that will clear the 
crest of the external 


to a form, Fig. 3 
8 flat of the 


thread. 


An advantage of the flat crest is that 
it removes any ambiguity about the 


Fig. 2—The interference zone is caused by an 
American flat-topped external thread mating 


with a British internal thread with a root radius. 
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shape of the crest. Radiused crests have 
the advantage of not being as easily 
damaged and have less of a chance of 
having a build-up of plating on corners 
Although the flat crest is almost cer 
tain to be included in the revised speci 
fication as an alternative there will be 
considerable production of the radiused 
rest in Britain and also in America 


Small Sizes 

Progress is being made in the uni 
fication of screw threads below 14 in 
ind certain diameters and pitches have 
been agreed upon. These are No. 4-40, 
No. 6-32, No. 8-32 and No. 10-32 
No. 10-24 is included but not pre 
ferred. Tolerances for these sizes will 
probably be 2A for the external thread 
ind 2B for the internal thread. (See 
Product Engineering WHandbook for 


1953.) 


Aircraft Standards 

Work has advanced rapidly in the 
tandardization of aircraft 
omponents. Table | 
ponents that have been drafted and in 
some instances proofs have been pre 
pared for industry-wide comments. 

Unification of hexagon bolts and 
nuts for aircraft have reached the first 
proof stage and differ as far as the 
hexagons are concerned from the com 


fastening 
lists those com 


mercial standard for some sizes. British 
iircraft manufacturers thought the 
icross flats dimensions on the 7/16 and 
9/16 in. dia bolts were not large 
nough to give suthcient bearing area 
under the head. For these sizes the 
cross flats has been increased to the 
same dimension as for the cross flats 
for the commercial nuts 
A considerable amount of work has 
till to be the countersunk, 
sed countersunk, binding head and 
‘ther aircraft bolts and although these 
ifications will be based on the com 
nercial standard there is a good deal 


done on 








Table I—Proposed Unified Aircraft Fastener Specifications 


Steel bolts (Unified hexagons and U.N.F. threads). 

Corrosion-resisting steel bolts (Unified hexagons and U.N.F. threads) 
luminum alloy bolts (Unified hexagons and U.N.F. threads). 

Steel nuts (Unified hexagons and U.N.F. threads) ordinary, thin, 


slotted and castle. 


Corrosion-resisting steel nuts (Unified hexagons and U.N.F. threads) 


ordinary, thin, slotted and castle. 


Aluminum alloy nuts (Unified hexagons and U.N.F. threads) ordinary 


and slotted. 


Steel bolts (Unified hexagons, U.N.F. threads and close tolerance 


shank). 


Steel shear bolts and nuts (Unified hexagons and U.N.F. threads). 
Countersunk head steel bolts (U.N.F. threads). 

Countersunk head corrosion-resisting steel bolts (U.N.F. threads). 
Countersunk head aluminum alloy bolts (U.N.F. threads). 

Raised countersunk head steel bolts (U.N.F. threads). 
corrosion-resisting 


Raised 
threads). 


countersunk head 


Raised countersunk head aluminum alloy bolts (U.N.F. threads) 
Binding head steel bolts (U.N.F. threads). 

Binding head corrosion-resisting steel bolts (U.N.F. threads) 
Binding head aluminum alloy bolts (U.N.F. threads). 
Mushroom head steel bolts (U.N.F. threads). 

Mushroom head corrosion-resisting bolts (U.N.F. threads) 
Mushroom head aluminum alloy bolts (U.N.F. threads). 


steel bolts (U.N.F. 








of uncertainty as to the angle for the 
countersunk and 
SCrews. 


raised countersunk 

From recent discussions it is evident 
that there is a trend to tighten up flush 
ness and diameter tolerances on coun 
tersunk screws as they are largely used 
for wing skin fasteners. Gaging meth 
ods are being developed to control 
flushness tolerance to about +0.004 in 
on 4 in. dia countersunk 
Commercial machine screw tolerance is 
£0.014 in. for a 14 diameter. Also 
head diameters are to be more closely 
controlled and the land at the periphery 
of the head is to be made 
Investigations are now being made to 


screws 


narrower 


decide these tolerances 
One of the major differences be 


British and American aircraft 
fastener specifications is the dimension 
ing of the threaded length and bearing 
length. The British standards for bolts 
places importance on the plain length 
which is interpreted as the distance 
from the leading face of a nut, un 
chamfered in the bore, screwed up as 
far as possible by hand 

The specification will probably fol 
low the American standard and the 
British specifications will be altered as 
shown in Fig. 4. This will not chang 
the accepted British method of measur 
ing but will modify the dimension s 
that, allowing the 
thread to be two pitches maximum, th 


tween 


run-out of the 


nominal bearing length is in accord 
ance with the American interpretation 


Fig. 4—Proposed modification of British 
specification to match unified specifica- 
tion for bearing length. 


Fig. 3—Interference could be stopped by altering the radius in the root of 
the internal thread to a form that will clear the flat of the crest of the 
external thread. 


#003" 
Spec. dimension * 00" 


Unspecified form to 


cleor py tiot -- Face 























Mox run out of twice the 
pitch of the thread 


Exomple.— 

15N bolt “4° bolt mth bearing length 1.5" dimension + 
specification measured with std. nut unchamfered in 
bore will be 15" + 2p, = 15" + 010, =/.6" 


Proprosed internal thread 








Table Ll—Unified and American Screw Thread Series 
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Index by Diameters and Pitch 
| Basic Major | Coarse Fine Extra fine® 8-Thread series | 12-Thread series | 16-Thread series 
Size | Diameter | (UNC and NC)* | (UNF and NF) (UNEF and NEF)« (N) (UN and Nye | (UN and N)« 
0 0.0600 ieee es BEE sos 
I 0.0730 64 , ei aA EARS om” 
2 0.0860 56 64 
3 0.0990 48 eo eee 
4 0.1120 40 Seige GLO eee ey gc hs eh eRe | 
5 0.1250 40 Mies 1 ie tele Cee ) 
6 3 0.1380 32 OD hn AK. ed nk es I ae eae ) 
8 0.1640 32 Bae ares oe 
10 0.1900 24 Sf Cae 
12 0.2160 24 28 BS Per ha 
\% 0.2500 20 28 ee ) 
% 0.3125 18 ; 24 pee atie. fA 
s 0.3750 16 24 kee Care 
Ke 0.4375 14 20 $02 2G. in de ovine 
0.5000 13 20 RS aaa 12 
0.5000 12 mis ree 
at 0.5625 12 18 24 12 
r, 0.6250 il 18 24 12 . 
e, Oe | See ea ee sites 06s: So cee vs 12 
4 0.7500 10 16 20 . 12 16 
"He 0.8125 ee nha 20 12 16 
% 0.8750 | 9 14 20 ) 12 16 
"Sie | 0.9375 Dis vixens eden wits 20 12 16 
1 1.0000 Sank 14 Rey ae 
1 1.0000 8 12 20 s 12 16 
1% 1.0625 ON OA) Beseery yh 18 a 12 16 
is 1.1250 7 12 18 K ) 12 16 
1% 1.1875 ) tan tay a 18 12 16 
1% 1.2500 7 12 18 ® 12 16 
1 TR EY ce a ee 18 | 12 16 
1% 1.3750 6 12 18 8 12 16 
13 Yee GRE PRS ORS ee ees aie 18 Mi. Be 12 16 
1 1.5000 6 12 18 8 12 16 
1 Reba A. us Pi akec da FT occ oes 18 : 16 
1% eS ode oc Settee va Sn wc ake 18 5 12 16 
1'}% Sees tS. eres Ss 18 Ne ) 16 
134 1.7500 5 16 8 12 16 
i RD. ke ee D8 ee ka ees ib 16 
1 >. ee Bees x 12 16 
18% OR ia Be EE wn Ui ve eg ca ky nee a ; ) 16 
2 2.0000 | 4% 16 . | 12 | 16 
236 Sy al ee ee pat a eee ; 16 
2% Ee Eee ee. Ee 8 12 16 
23 Sirs | A: tie ) 16 
2 2.2500 Se ose S 12 16 
2% S.0028.- 22) Any eee an 16 
253 en Boe OO res eee 12 16 
2% Pe, Bet gages 5 a ane acid ; 16 
| 214 2.5000 | 8 | 12 16 
25¢ WR oA a a I Pe a gs Pe eo nake 05 ) Eee 12 ) 16 
: 254 2.7500 a 2 Pe 8 12 16 
2% 2.8750 po sneeee tenn Po cee eee eee Sie ) 12 | 16 
3 3.0009 4 . 12 16 
3% Bet) ae Ta, ....... Rakin 4 12 16 
3% 3.2500 . pan ) 8 12 16 
3% ie eee ee eee ) 12 16 
3h 3.5000 . & ) 12 16 
3% Oe DEST SS Ty 6 Gener: ike anna a Poco ) 12 16 
3% 3.7500 4 - 12 16 
3% 8 or oO aes ) 12 16 
: 4 4.0000 ne, oN Pate! Boch sas abar ~ 12 16 
4% 4.2500 ee 8 12 16 
416 | A eee ec che 8 12 16 
434 MA eS 8 12 16 
5 5.0000 s 12 | 16 
5% ary [area eA ees ~ 12 16 
Sig | §. 5000 ~ 12 16 
5% XS Ore 8 12 16 
6 SES ES SE ras manent 8 12 16' 
| ! | 
* For diameters over 1}4 in., use 12-Thread series. Chart courtesy of SAE 
ae * For over 2 in., use 16-Thread series 
St he * For series symbols applying to a particular thread. see dimensional tables. 
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Small Rivets for Big Jobs 


How to use tubular, semi-tubular, and small diameter rivets for joining 


low cost, high production assemblies. Design tips to insure good joints 


ROBERT M. GORDON 

The Milford Rivet & Machine Company 
RIVETING, one of the oldest methods 
of fastening metal parts, is also one 
of the most economical. Not only is 
the cost of the rivet itself less than 
most types of threaded fasteners, but 
the design of high-speed riveting ma- 
chines with automatic hopper feeds 
and work handling equipment has ad- 
vanced to the stage where the entire 
process is competitive with or cheaper 
than many other joining methods. 

In addition to low cost and speed 
of application, small tubular and semi- 
tubular rivets, can be used to advantage 
when joining assemblies comprised of 
non-uniform thickness and dissimilar 
or non-metallic materials 


Basic Types of Tubular and 
Semi-Tubular Rivets 
The tubular rivet is either extruded 


or drilled, the former being limited 
as to length and diameter by the ca- 


pacity of the manufacturer's equip 
ment. While somewhat stronger than 
drilled types, it cannot readily be made 
in some highly alloyed ferrous metals 

Extruded rivets also are character- 
ized by the shape of the hole, which 
is tapered to provide the necessary 
draft to strip the rivet off the extrud- 
ing pin. Some taper is always necessary, 
although the amount can be so small 
that walls are nearly parallel. 

These _ semi-tubular — sometimes 
shallow drilled rivets ——are perhaps 
the most widely used of all types. 
They are used for assemblying plas- 
tic, wood, sheet metal, and aluminum 
whenever holes have been punched 
prior to setting and whenever the full 
shear strength of the fastener is re- 
quired. 

Drilled rivets, as indicated above, 
can be either deep or shallow drilled 
The deep drilled or full tubular type 
has a cavity extending practically to 
the head, while the shallow type has 


TABLE II — RECOMMENDED HOLE 


a cavity only sufficiently deep to allow 
setting or clinching. 

The full tubular type is best suited 
for use with materials such as plastics, 
leather, canvas, or wood, in which the 
rivet must pierce its own hole. The 
deep drilling allows the slug of ma 
terial to compress inside the rivet, pro 
viding sufficient metal for clinching 

A third class of rivet is the bifurcat 
ed or split type. The manufacturing 
operations used to make these parts 
produce rivets which are identified as 
“sawed” or “punched.” The broach- 
ing or sawing operation produces a 
stronger rivet inasmuch as the prongs 
or legs are not distorted. This charac 
teristic makes it ideal for piercing fibre, 
wood, or thin gage sheet metal. It has 
been used successfully in piercing steel 
assemblies having an approximate 
overall thickness of 0.040 in. The 
punched rivet cannot be used in the 
heavier applications with as much suc- 
cess. However, it is suitable for card 





















































| z 
EXTRUDED | | | | | Maximum | Hole 
! eS B c D' DC Ss. | Cee | _& 
| . I | Allowance | Work 
| i i] | 
~ ii 0.059 | 0.125 | 0.023 0.038 0.045 | 0.044 0.040 0.064 
i 0.087 | 0.146 | 0.024 | 0.056 0.067 _ 0.065 0.060 | 0.093 
0.087 | 0.160 0.024 0.056 0.067 0.065 0.060 0.093 
0.097 | 0.187 | 0.032 __ 0.063 | 0.074 0.072 | 0.068 | 0.104 
eal 0.120 0.218 0.033 0.078 0.093 0.090 | 0.084 0.128 
E Th 0.120 | 0.281 — 0.042 — 0.078 0.093 0,090 — 0.084 | (0.128 
a | 0.144 0.281 0.042 0.094 0.110 | 0.108 0.100 0.154 
lp! : 0.144 0.312 0.045 0.094 0.110 | 0.108 0.100 | 0.154 
0.144 0.375 0.062 0.094 0.110 | 0.108 0.100 0.154 
+ pb? be 0.184 0.312 (0.062 0.120 | 0.140 | 0.138 0.125 0.191 
A | 0.184 0.375 | 0.062 0.120 0.140 | (0.138 | 0.125 0.191 
DRILLED | 0.097 0.187 0.032 0.067 
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board, canvas and lighter piercing 
operations. 

The full tubular and bifurcated riv- 
ets are often clinched into a cap to ob- 
tain the same general appearance on 
either side of the riveted part or to 
obtain a stronger assembly and also a 
smoother and neater surface. 

Finally, a fourth basic type of tubu- 
lar rivet is formed from a combination 
of a deep-drilled part and a solid or 
blank rivet. The relative sizes of the 
drilled hole and blank diameter are 
combined in such a manner as to pro- 
duce a compression or press fit. This 
combination produces a fastener which 
has the same appearance on each end 
and is ideal for cutlery or utensil as- 
semblies where the heads must fit 
closely in counterbored holes, so as 
not to allow food particles or dirt to 
collect. Also, since the driving force 
can be closely controlled, the compres- 
sion rivet has little tendency to split 
wood or plastic base materials 

All of the above types of rivets, illus- 
trated in Fig. 1, fall under the general 
classification of oval head rivets 


Rivet and Joint Design 
Requirements 
Once the correct type of rivet has 
been selected, the correct tools must be 
employed in the setting operation. 
Before attempting to analyze the 


tools, it is necessary to know the type 
of clinch or set required of the various 
rivets. Semi-tubular rivets ordinarily 
are “roll-set.”” This clinch can be 
formed directly against the work, or a 
washer, or as in some cases, away from 
the base stock so as to form a pivot pin 
or axle. 

Deep drilled or full tubular rivets 
are usually “‘star-set.’’ This particular 
tool is made in the form of a rosette 
or star which cuts the rivets, usually 
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into 6 or 8 even segments. The deep 
drilled rivet generally punches its own 
hole, being driven and clinched in one 
operation 

The bifurcated rivets are usually set 
by driving them against a solid tip, 
inasmuch as they normally pierce the 
work. The protruding prongs are 
formed in the solid tip, forming back 
into the work to provide as smooth a 
clinch as possible. The caps are held 
in a solid tip and the piercing tubular 





ADVANTAGES 


1. Production rates are high. 
2. Initial and maintenance costs 


non-uniform thickness can readily 


structure and inherent strength of 
Mone! or Iconel to lead or zinc. 


g. There is no heat distortion or 


LIMITATIONS 


or welded assemblies. 


4. Protruding rivet heads may b 





Table I—Advantages and Limitations of Riveted Joints 


for equipment are low. 


3. Either metallic or non-metallic materials can be joined 
4. Dissimilar metals and assemblies having a number of parts with 


be fastened. 


5. The fastener, being a cold-headed part, has the uniform grain 


a forging. 


6. Unskilled labor can be used to operate equipment. 
7. The rivet can be made of a variety of materials ranging from 


8. The rivet can be used not only as a fastener but as a pivot, 
cam follower, electrical contact, or other functional component. 


crystallization of the base metal 


1. Parts, once fastened, cannot easily be disassembled. 
2. The tensile and fatigue strengths of joints made with split, 
tubular, or semi-tubular rivets are considerably lower than bolted 


3. Joints normally are neither watertight or airtight. 


e undesirable in food machinery, 


chemical equipment, or other sanitary assemblies. 





SIZES AND CLINCH ALLOWANCES 



















































































1 
MALE FEMALE 
(Cutiery) : me Linas i Se be, oot 2 ry gone 
\ | Expanded* | Hole Thru* | Hole Thru* 
—-8 —— 1 A B c | a B | c Diameter Work Blade 
7 ieeeate Se BEE. SIS tet A Bo oe Eee oe 
\ I 0.125 | 0.250 | 0.044 || 0.151 | 0.250 | 0.044 0.162 0.172 0.168 
| 0.125 0.312 | 0.044 | 0.151 | 0.312 | 0.044 0.162 0.172 0.168 
0.125 | 0.343 | 0.044 | 0.151 | 0.343 0.044 0.162 0.172 0.168 
0.125 | 0.375 | 0.044 || 0.151 | 0.375 | 0.044 0.162 0.172 0.168 
0.144 0.312 | 0.050 | 0.195 | 0.312 | 0.050 0.206 0.216 0.212 
0.144 | 0.343 | 0.050 | 0.195 0.343 | 0.050 0.206 0.216 0.212 
0.144 | 0.375 | 0.050 || 0.195 | 0.375 | 0.050 0.206 0.216 0.212 
——————— a eeeEeEEeEeEeEeEeEEEeeeEeEeEeEeEyEE—eeEeEeEeeEeE—EE - — —_ 
0.144 | 0.437 | 0.050 } 0.195 | 0.437 | 0.050 | 0.206 0.216 0.212 
H 
| | 
BIFURCATED A Be dee we. Clinch 
| | Allowance 
poe, 0.091 0.148 0.022 0.106 
rT ¢ 0.080 0.156 | 0.022 | 0.093 _ ‘Expanded diameters are subject to wide varia 
; — _ ——— Uae SaaS Gp Cemanes of Ge ote cad Cee 
0.118 i 0.218 | 0.034 of __ 0.125 ° = ee should be checked carefully 
0.118 | 0.312 | 0.055 | 0.125 
| 0.146 | 0.312 0.046 | 0.156 
0.375 | 0.062 | 0.156 











AN 


\ 
> 


» 
G 


¢ 


\\ 


\ 


>> 
4 
K 


IN 


WY 


Li, 


C7 
DANN 


a 
ee 


Vdd 


“SS 
WY 
GY 


or split rivet is clinched into the cap. 

Variations of these anvils are end- 
less; however, the theory and practice 
remain the same regardless of shape, 
size or type. 

Roll-sets are designed to clinch a 
predetermined portion of the rivet 
shank. It generally holds true that a 
maximum allowance of 70 percent of 
the shank diameter added to the com- 





Edge Cleorance 
Making the joint too close to 


Flange Clearance 


Hole Cleoronce 





Good 


OPER EEEEE Ee 


Poor 


Heavy and, Thin Goge Stock 


Placing the rivet heod on the 
side with the thinner sheet is 
preferred since the upset is 


the edge does not permit solid 
positioning of riveting tool 


A joint close to a flange may 
interfere with the riveting 
operation 


Too much hole clearance allows 
the rivet to buckle on driving. 
See Table for recommendations 


performed against the heavy 
sheet 


Ue 
SUS9 





WHILE LTE 
ESS EI 


Good 


Saeed teblie Rivet Length 


Three ways of forming are about equally as good,also 
the use of o washer or a shoulder rivet is generally preferred 


Clinch allowance should be 50 to 70 percent of rivet 
diameter to insure adequate holding area but no buckling 


SOMA Mi 
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Poor 


ESS EDD OS SDS 
CL LLL eM hehahachechadedea 


Good 
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Best 


Ulttltlth, 


Tight Jomts 
Channel Sections “ 


Deep channels should be sufficiently wide to provide clearance for the jows Best 
design specifies rivet head be against outside member to keep tools in cleor 


Normally, rivet must be short 
to allow swelling; long lengths 
create tendency toward buckling 
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Good Poor Good Poor 


Angulor Sections Angular Shapes 
Moving the rivet hole from under the section 


Providing a flat permits o uniform 
simplified the riveting operation 


clinch ond a stronger joint 
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OR RIVETED JOINTS 





pressed material thickness will pro- 
duce the required rivet length. When 
the correct clinch allowances has been 
determined, a full round set without 
excessive shank distortion is obtained. 
The tubular portion of the rivet should 
be absorbed in the clinch leaving a 
solid shank thru the assembly and af- 
fording maximum shear strength. 
Often it is necessary to sacrifice tool 








life to produce an extremely tight 
joint, where the rivet must not only 
clinch, but also swell throughout its 
entire length, locking tightly in the 
assembly. This can only be obtained 
in the relatively short lengths of rivets 
inasmuch as the long lengths will tend 
to buckle. 

In figuring the clinch allowance for 
a split or deep drilled rivet, it is stand- 
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ard practice to add a maximum of 100 
percent of shank diameter to the com 
pressed assembly thickness. Due to the 
tact that these types are most common 
ly used for piercing compressible ma 
terials, it is advisable to determine rivet 
length by actual test. 

Another and equally important con 
sideration is the hole clearance allowed 
for the rivet. See Table II. 























Multiple Rivet inserts 


in small work especially, rivets should be positioned on 
the some diameters ond be equally spaced to simplify use 


of an indexing fixture 








Stor clinch 








at eather 





Washer _-Leother 









Good 


in soft moterials it is best to star set the rivet or use 
a Cap in conjuction with a lorge diameter heod For maximum 
strength, woshers or burrs are recommended 


ANT 


+ 
~~Wosher ~-Canvos 





Best 


Compressible Moteriais 














YW 4 
m 


Poor Best 
Brittle Moterials 


Thin sections. counterbores, and countersinks 
Use of washers is advisable 


KEK ES CE 


weaken the moterial 














Poor Good 
Counterboring 


Provision must be made for setting the rivet 
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Good Poor Best 
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Poor Good 





up Design 


As with channel sections, the rivet head should rest 
on the attached member, and (right) inclusion of on 
ng procedure 


access hole simplifies the join 





Provision must be made for setting the rivet 


SEs SEs 


Cleorance again is the probiem; proper spacing 
insures allowance for the riveting tools 


Machining or forming a flat onrod ond tube allows the rivet head ond 
ciumch to seat solidly. Aiso, the shorter the rivet, the less tendency toword 
buckling and distortion 


Countersinking 







Best 
Multiple Rivets 





Poor Good 





Rod and Tube 
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Design Parts that Assemble 


Methods of joining tubes, sheet metal and machine parts in 
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Fig. 1—(a) Telescope-type joint uses headless bayonet pin to assemble 
tubes. Method can also be used to fasten cover on cylindrical member. (b) 
Pins such as those in (a) can be eliminated by using formed tabs. 























Fig. 6—Two diametrically opposite 
pins engage slots in lower member. 
Slot has slight incline with recess 
to provide for locking. This method 
ean provide leak proof sealing. 

















Fig. 7—Tubes of equal diameter 
are joined by engaging tabs in slots 
and twisting. Provides means of 
quick assembling and disassembling 
without bending tabs each time. 





44 


Fig. 12—Two different versions of a spring-loaded type 
coupling for metal or plastic tubing. In both cases, the 
two parts can be assembled or disassembled by twisting 

















Fig. 2—Rotating cylindrical member 
90 deg forces spring elements apart 


and results in a clamping force. 

















Fig. 8—Tapered projections on di- 
ametrically opposite sides of cast 
structure engage tabs on cover to 
provide for clamping cover. Ma- 
chined pins can replace the tabs. 











one of the elements. In sketch (a), the holding tabs are 
located on the larger member and the receiving slots are 
on the smaller one. In (b), the positions are reversed. 





QUICK-RELEASE FASTENERS that engage or disengage with a partial twist 
as contrasted to fasteners that require several turns for complete engagement. 
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and Lock by Twisting 


assemblies that engage and disengage with a twist of one element. 























Fig. 3—Spiral type slots force pins Fig. 4—Formed projections on cover Fig. 5—Wedge principle can also 



































er to pull two elements together. Re- engage recesses in flange of cylindrical be used for locking vent windows on : 
rt cesses at ends serve for locking. vessel. Taper provides locking. ears or fastening two metal sheets. : 
YY 
SS : 
~~ ] 4 
screw . 

Fig. 9—Structure and cover are cut Fig. 10—Intermittent threads on both Fig. 11—Flanged tube is fastened 

away in three places to receive projec- members require only a partial revolu- to plate by twisting. Bayonet-type 

tions. Rotating cover 60 deg permits tion for complete engagement. Tight- pin with head engages slot in tube. 

member to be inserted. Setserew pro- ness of joint can be controlled within Spring-loading the pin and adding 

vides means for locking cover. limits by varying the thread lead. a gasket will make leak-proof seal. 











Fig. 13—-Two other methods of attaching covers to cylindrical vessels. In Fig. 14—Method of fastening a mem- 
ire (a) flanges hold the cover tightly after it has been engaged and rotated. ber to a structure by twisting a third 
ire Elongated tabs are used in (b) to mate with notches in the structure. element through a 90 degree are. 





Turning screw forces this projection 
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CamLoc Wedjit Pivot points 
Comioc Fastener Corp) (United-Corr Fostener Corp) 
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From THE WELDING JOURNAL 


How Service Requirements 


W. J. VAN NATTEN 


General Electric Company 


APPLICATIONS, in which brazed joints 
play an important part, have increased 
tremendously in the past 12 years 
With these applications comes the 
problem of service performance. The 
performance of each application is a 
sult of the requirements imposed 
and these may vary from one appli- 
ition to another. This can further 
be exemplified by citing applications 
when brazing is used as a joining proc- 
ess as in turbines, electron tubes, heat 
exchangers, pressure vessels, and others. 
Therefore, the scope of this article will 
over in a general manner some major 
factors effecting service performance 
of brazed joints. 
hemanial that the application in 
mind will be brazed using proper pro 
dures, then the major factors i. 
ing service performance are in the 
the proper filler metal 
and the joint design 


selection ot 


Table 1); 


j nt De ign 


; 


two basic 
for brazing—lap 


There are 
ypes of joints used 


joints and butt joints, as shown in Fig 
1 (following page). There are, how 
ever, any number of variations of these 
- types used in applications, some 
of which are shown in Fig. 2. Lap 
sslats are preferred; butt joints being 
used where space limitations are en 
countered or where leak tightness and 
strength are relatively unimportant 

The design of a joint should avoid 
stress concentrations that cause filler 
metal tearing. A lap joint has high 
stress at its ends and also, a couple or 
bending moment created by the princi 
pal forces being offset from a con 
mon axis. This stress 
tensile stress in the 
that contributes to the starting of a 
tear. To avoid this, designs as shown 
in Figs. 3 and 4, that impart flexibility 
to that part of the joint where failure 
is apt to start or stiffens the flexibl 
part at the joint will often avoid the 
stress concentration. Figs. 3 through 
9 illustrate some designs 


introduces a 
brazing layer 


Joint Clearance—The clearance, with 
its effect on the subsequent thickness 


of the filler metal, is a factor in ob 


taining the maximum strength for a 
given design regardless of how th 
joint is stressed. 

Clearance, however, must be con 
sidered in terms of conditions at on 
specific instant—room temperature or 
brazing temperature. With similar 
metals of about equal mass, room ten 
perature is a suitable 
similar metals, brazing 
clearance should be used, 
metals tend to close up or widen the 
clearance depending upon their loca 
tion and thermal expansion 

For example, where one part 
into another, the ep tee io of the ir 
ner part can cause metal-t 
tact and little or no filler metal wou 
enter the joint. Only a fillet w 
would be formed. Transposing th 
parts can increase the clearance and 
prevent capillary attraction, or if th 
filler enter th greater 
ontraction of the inne can fra 
ture the during cooling 

As a guide, Table II can be us d I 
designing for maximum strength. If 
clearances are less than 
mended, joint strength may 


guide - for dis 
temperatur¢ 
as dissimilar 


etal con 
Id 
eld 


( 


does joint, a 
r part 


joint 


thos re 
fall 
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Table 1—Base Material vs. Brazing Filler Metals (Similar and Dissimilar Combinations) 





Mg and 


‘ Base Material Al Alloye Se Alloys 


Ni Alloys 
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High Carbon 
and Tool 
Steels 


Copper and 
Copper 
Alloys 
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ciably because of flux inclusions and 
excessive voids. Larger clearances per- 
mit greater flexibility in machining but 
can be wasteful of filler metal and 
parts. The clearances should be main- 
tained at brazing temperature; clear- 
ances at ambient conditions should in- 
clude allowance for expansion at tem- 
perature for dissimilar materials 

Filler Metal Placement—A joint 
should be designed to accommodate 


the form in which the filler is to be 
introduced: wire, shim or strip, or 
powder. Of these, wire and strip are 
most generally used. 

Normally, where joints are being 
brazed manually, the filler metal is 
face fed. When production increases 
warrant the use of automatic equip- 
ment or when special service require- 
ments are significant the placement of 
the filler metal and its location must 


Table Il—Recommended Brazing Temperatures and Joint Clearances 





Filler Metals 
AWS--ASTM Solidus 
Classification F 


Aluminum-silicon 
BAISi-1 
BAISi 
BAISi-: 
BAISi 


Copper-phosphorus 
BeuP-1 
BeuP-2 
BCuP-3 
BCuP-4 
BCuP-5 


Silver 
BAg-1 
BAg- 
BAg-: 
BAg 
BAg 
BAg 
BAg 
BAg-8 
BAg-9 
BAg-10 
BAg-11 


Copper -gold 
BCuAu-1! 
BCuAu-2 


Copper and Copper-zinc 

BCu 

BCuZn 

BCuZn-; 

BCuZn 

BCuZn 

BCuZn 

BCuZn 


Magnesium 
BMg 


Heat resistant 
BNiCr 1,850 
BAgMn 1,760 


Brazing Joint 
Clearance 


In.* 


Liquidus Temperature 
F Range F 


1.006-0.0107 
, 0 010-0.025tT 


0.002-—0.005 
0.001-0.003 
0.002-0.005 
0.001-0.003 
0.003-0.005 


1,400 
1,550 
1,500 
1,650 
1,550 
1,600 
1,400 
1,650 
1,550 
1,600 
1,650 


0.002-0.005 


~— 


2,000 
1,850 


0.002-0.005 


2,100 
1,750 
1,750 
1,700 
1,700 
1,800 
1,800 


0.000-0.002TTT 


0.002-—0.005 


,120 0.004-0.010 


,950 
,780 


,000 
1,780 


2,150 
2,100 


0.002-0.005 





* On round or tubular member this is a clearance on the radius 


+ Length of lap less than 4 in 
tt Length of lap greater than \ in 


ttt For maximum strength use 0.000 in. clearance or press fit 


Solidus is temperature at which melting starts 
Liquidus is temperature at which freezing starts 


Brazing temperature used should be lowest within recommended range, consistent with the joint 


clearance and time needed to complete braze. 
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Govern Design of Brazed Joints 


be taken into account; Figs. 10, 11 
and 12 show the placement of wire 
and shim stock 

The type of joint, filler placement 
and other conditions that are to be 
specified depend upon the service 
requirement of the joint (Table II1) 
Mechanical strength depends on the 
above factors. Other factors to 
sider are: in the electrical design of a 
joint, electrical conductivity; for pres 
sure joints, proper venting; for joints 
subjected to temperature, the effect on 
filler metal and mechanical strength 


con 


Electrical Conductivity 


Brazing filler metals, 
have low electrical conductivity as 
compared to copper. For example, 
BCuP-5 has about 10 percent the con 
ductivity of copper and BAg-6 about 
25 percent. However, if recommended 
clearance values are used, the brazing 
should not add any appreciable resist 
ance to the design. The shorter path 
through the filler, as compared to the 
longer path through the conductor re 


in general 





Table I1l—Service Requirements 


of Brazed Joints 


@ Mechanical strength—A joimt can be 
subjected to various types of stress such 
as tension, shear, impact, and fatigue. 
The joint clearance, design, and filler 
metal placement all effect the mechan- 
ical strength. 


@ Electrical conductivity—Properly de- 
signed joints using the correct filler 
metal and joint clearance should not 
add any appreciable resistance to a 
circuit. Resistance increase can be cal- 
culated. 


Pressure tightness—Designs for 
sure vessels should be in accordance 
with established rules, such as the 
ASME Code for Unfired Pressure Ves- 


sels. 


pres- 


Temperature—Joint strength at elevat- 
ed temperatures are dependent on the 
filler metal used. Tensile, shear or im- 
pact properties of a joint at low tem- 
peratures are effected similar to the 
base metals being joined. 





Table [V—Maximum Service 
Temperature 


AWS-ASTM 

classification F 
BCuP Group 300 
BAg Group 400 
BCuZn Group 400 
BCu 400 
BAgMn 500 
BNiCr 1000 


Gi:3 
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Joint Design 
Considerations 


na aay 


Lop Butt 


Fig. 1-—An overlap of three times 
the thinnest member will usually 


yield 100 percent lap joint efficien- joints. Tee sections and corner joints are con- 


cy. Butt members are limited to the sidered to be variations of butt joints. 
cross sectional area of one member. 


4 



























, Heavy section 
Tearing 
. col 3 





(A) Bod (B) Good 


“ 


: (C) Good y : 
Fig. 3——Lead on joint (4) causes a high stress and tearing 


of the braze. By shaping the heavy section as in (B), or im Bee 


increasing the light section (C) the tearing is stopped. Fig. 4—Couple causes joint tearing (A). Increasing the 
light section (B) or redesigning (C) reduces this action. 


7 I ; [ vs 7 ore - : es 3 : 


























(B) Good (CG) Good 














(A) Bod (8) Good (C) Good 


=--> 


No 
Fig. 6—Tee joint (A) will fail under loading in either di- 


rection while corner joint (B) can take one direction load 
and (C) with stiffened cross section two direction loading. 


Fig. 5—Impact load causes joint failure (A). Increasing 
the braze area (B) or using a scraf joint (C) improves the 
impact characteristics of the joint under load. 


Fotigue con stort 
her 
gy the ere we 


‘seem | : es 


Bod Good 

















. 7—Hub and axle (A) will fail by fatigue at joint. De- 
an (B) and (C) permit hub to follow flexure of axle be- Fig. 8—The rotating beam (A) will have a low fatigue life 
cause of undercut or generous hub radius. while sleeve (B) will increase this life. 


sure vessels, such as the ASME Code 
and others. These rules are based on 
factors of safety of 4 or 5 and the 
joints proportioned accordingly. For 
low pressures or vacuum, joint propor- 
tions can safely be reduced, Fig. 14. 

The principal factor other than 
strength to be considered is proper 
venting. This is also a consideration for 
dead end holes which are small pres- 
sure containers (Fig. 15). 


Temperature 


All metals tend to lose strength as 
temperature increases and brazing filler 
metals are no exception. Hard and 
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fast rules on maximum operating tem- 
peratures that a brazed assembly can 
stand is complex when so many base 
metals and filler metals are involved. 
This coupled with the fact that maxi- 
mum temperatures are involved for 
varying time periods permits only the 
following general summary. 


Elevated Service—The suggested maxi- 
mum operating temperatures for each 
particular type of filler metal are given 
in Table IV, and are based upon con- 
tinuous service at this condition. Many 
of the filler metals can withstand 
much higher service temperatures for 
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short periods of time with reduced 
stress requirements. However, such 
applications should be adequately 
tested to determine the time, tem- 
perature and stress involved. 


Subzero Service—Present data indicates 
that tensile, shear, and impact proper 
ties of brazed joints are not Am 
effected to a temperature of at least 
—100 F as compared to properties at 
ambient conditions. However, when 
in doubt, a applicable samples should be 
tested to determine that the require- 
ments of time, temperature, and 
strength can be met by the joint. 


Won 


er” 


ZA 


SSS 
jij; 


ISS 
Wii: 


\X 
SN 


SS 


NY 


SSA 


WU 


ZZ 
<< 


Le 





SEN 





NAAN 


SSS 
“ 


ao 


(Li? 
N 
“tts. 


Sf. 


4 


cy 





VE 


N 
8 


—— 


Te) 


= OI 


CLYIVMMMNNY SL A) 


A 
3 


G 
Z 
Z 
g 
g 
Z 
If 





ie fe 








ses ( 
aes 
we . 


oS 


na a 


YZ, 


















Methods af Attaching Glas ; j 








: GENERAL RECOMMENDATIONS 






1. Design the glass for compression loads Cost plastic--~- oy Wut 

































whenever possible. Gioss- 
2. Load the glass uniformly. Avoid con- me toro 
centrated or point loads, by gasketing. — P 
CAST PLASTIC JOINT. Glass part is attached to threaded fe 
3. Design mounting to compensate for metal insert by cast plastic hub. For moderate loads. 
differential expansions. Glass has an expan- 
sion range from 1.8 to 5.0<10~° in/deg F. O-ring —-Glass 


Uae Uy, 
\] \ Lied ca ha dacdadatadaiadatalar 








4. Glass under load should be clamped in 
: a rigid fixture that will not deform when 


load is applied. 























5. Glass not under load can be mounted Fig. 4 
in a flexible support so that loads on the O-RINGS SEAL glass tubing to metal fixture. Shoulders in 
structure are not transmitted to the glass. the metal tubes retain the glass member in its proper place. 
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Spun 

meta 

Meta! : 
i 

: Fig. 7 Fig 8 HI ~-Gasket Fia 9 anes 
: SPUN METAL JOINT. For light THREADER JOINT. For low pres- PERMANENT SEAL. Poured lead ri 
: loads, a thin metal sheet can be sure applications threaded glass con- locks metal arbor to hubbed glass e 
: spun around a glass shoulder to tainer can be screwed into metal fix- part. Use is restricted, however, to d 
: form an attachment as illustrated. ture. Cement can also be added. moderate loads and temperatures. 
: YT) , Gasket Gloss Gasket -------~-- . Gloss 
: 4 / \ / 
: 7 ‘ 
: j J 
$ a 
; NN OOM OMMOM AMO YK It 2 
: Hot side 7 . Som 4 
; Metal clips-' k 
: Fig IS Metal-¢ Fig 4 t 
: FURNACE SIGHT GLASS. Small metal spring clips hold glass in place GLASS PIPE TO METAL PIPE. - 
: and allow for different rates of expansion of glass and metal fixture. Gasketed conical flange reduces ™ 
: This method of suspension also insures that the glass will be heated bending stresses. Rubber gasket . 
: uniformly, reducing thermal gradients and internal stresses. seals flat end of glass pipe. te 
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Corning Glass Works 
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Fig. 2 
PRESSURE-TIGHT JOINT. Glass sheet is clamped uni- 

















Fig. 3 
SOLDERED JOINT. Glass has metallized edge for solder- 

































































































ded formly in compression using rubber or asbestos gaskets. ing. Frame is semi-rigid to absorb differential expansion. 
' 
par Coulking compound-, 
_ &. 
Gloss-, ,- Gloss 
4 2 77 £ 7, J. 4 4 A 77 
q Upp ttt th ; ty 
—~ © r { hiked v ‘hk hehhectrulh hk “a 
‘nies init bp. . ee —— Metal frame ---- Fig. 6 
TUBULAR GAGE GLASS is attached to liquid level fix- WINDOW JOINT. Resilient caulking compounds and 
ture. Rubber gasket is compressed for a leak-proof seal. rubber cement make liquid-tight seals with metal frames. 
s in 
lace. 
— 
Retaining 
A ) ert 
N= = 
Gloss YE con 
e ass ff 
‘ h J 
Gage _4- oan — 
glass P | — Gaskets 
i ‘Mica 
_ Meta/ shield 
j _ adopter -- p 
rame 
i Fig. 10 Fig. II Fig 12 
GLASS TUBE IN PRESSURIZED CEMENTED JOINT. Container GAGE GLASS attached to water level 


lead OIL SYSTEM. Glass is clamped in shown carries explosive in oil wells. 
glass compression; resilient gaskets help High external pressure keeps ce- 
r, to distribute load uniformly. mented joint in compression. 

<— 


column on a steam boiler. The mica 
shield protects the glass from corro- 
sion by the alkaline boiler water. 

















D le- GOSS 
510S$ 
d Copper 
I~ tube 
(b) 

ELECTRICAL CONNECTIONS. (a) Inside of vacuum 
14 tubes. First, wire is sealed to tubular glass flare by press- 
IPE. ing the hot glass around the wire. The flare and wire as- 
wean sembly is then sealed to the tube body. Dumet (42 per- 
isket cent nickel iron coated with copper) is commonly sealed 


to high expansion glasses. Tungsten and Kovar are sealed 
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“Gloss 
(c) 


to low expansion glasses. (b) Inside of air and water 
cooled transmitting tubes. Thin copper tube sealed to 
glass tubing is thin enough to compensate for different 
expansion coefficients. (c) Inside of glass sealed-beam 
headlight. Thin 42% nickel iron metal cup is sealed di- 
rectly to glass. Kovar or similar metals can also be used. 
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joint co 
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for 4 in. 
purity alum 
Figures for def. 
are relative only, 


Cold Welding of Aluminum 


These are basic design data on cold welding. Although primarily 


concerned with specific aluminum alloys, they incorporate a critical 


evaluation of the advantages and limitations of the process itself 


and indicate those factors which require additional study. 


NORMAN GROSSMAN 


Republic Aviation Corporation 


IN THE SIMPLEST SENSE, cold welding 
is the joining of two metallic surfaces 
through the application of pressure 
Actually, more 
than pressure. It is based on a rigid 
analysis of the flow of metals and the 


however, it involves 


development ot special tools to pro- 
duce the deformations required to 
direct this flow into a true weld 

The importance of this process, par 


Gis 


ticularly as applied to aluminum, stems 
from the following advantages 

(1) Joints are efficient and, as 
shown in Fig. 1, often are as strong 
or stronger than the metals being 
joined. The reason is that the weld area 
does not have the cast structure char- 
acteristic of other welding processes, 
but is actually work hardened to some 
degree 

(2) Welds respond to heat-treat if 
the parent metals are heat-treatable. 


Product 


(3) Dissimilar materials can be 
joined, such as aluminum to copper, 
silver, lead or nickel 

(4) Thin sheets can be 
readily to thick s ns 

(5) Equipment is simple and inex 
pensive. Hand tools similar to conven 
tional pliers can be used for small dia 
wire and thin sheets; conventional fly 
are for thicker 
parts; and power presses are needed 
only for large and heavy pieces 

(6) The welder needs no special 
skill or training 

(7) The process can be adapted to 
applications that are physically impos 
sible with other forms of welding. Thin 
sections like aluminum foil, for exam 
ple, cannot be welded by methods em- 
ploying heat because of the danger of 
burning the foil. For the same reason, 


bonded 


presses satisfactory 


heat may >e a disadvantage when weld 
ing thick to thin sections 
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+ Moterial C.P. Al. 993 percent 


Surface Preparation 


Because of the nature of this process 
is the forcing of metals to flow to- 
gether to form a weld, the surfaces to 
be joined must be free from such con- 
taminating elements as grease and dirt. 
For aluminum sheets, wire brushing 
to remove the oxide coating, is re- 
quired. Chemical degreasing followed 
by wire brushing adds nothing in terms 
of strength. However, other surface 
preparations commonly used with spot 
welding have proved satisfactory. 

As a general rule, it is desirable to 
weld as soon after cleaning as possi- 
ble. Where care was taken to avoid 
contamination, however, satisfactory re- 
sults have been obtained with time 
lapses of a day or longer. 

As contrasted to the requirements 
for joining sheets, lead, copper and 
aluminum wire can now be butt weld- 
ed without a separate cleaning opera- 
tion. This is accomplished with tools 
that trim: the ends of the wires just 
before welding to insure proper con- 
tact. 

An interesting characteristic of coid 


Table I—Comparative Weldability 
of Aluminum 





Typical 
Optimum joint 
reduction, efficiency, 


percent per cent 


Alloy 


38-0 50 85-100 + 
3S-H14 70 70-85 
3S-H16 70 60 
3S-H18 60 55 

4S-O 60 60 
4S-H34 55 40 
528-0 60 65 
Alclad 24S-T4 9 
61S-T6 60 50 


Alclad 75S-T6 40 10-15 





These values are presented for com- 
parative purposes only and are not in- 
tended for literal interpretation. Varia- 
tions in tool dimensions would change the 
absolute values. 
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welding is that poor quality bonds are 
almost impossible. If the surfaces are 
cleaned properly, sufficient pressure is 
exerted and a suitable die is used, a 
perfect weld will result, but if there 
is any degree of contamination, the 


parts will not bond. 


Weldable Materials 


Because the amount of deformation 
required to produce satisfactory welds 
increases with stronger materials, prac- 
tical considerations now limit the 
metals that can be cold welded. When 
the yield point exceeds about 30,000 
psi, the strength factor of the bond 
falls off. Aluminum, copper, Dura- 
lumin, lead, nickel, and zinc have all 
proved — Also, combinations 
of dissimilar metals such as copper to 
aluminum are now produced readily 
At present the process is not particu- 
larly suitable for ferrous metals, al- 
though it has been demonstrated as a 
practical possibility. If strength is not 
important, as for hermetic seals, some 
alloys with yield points of about 50,000 
psi can be joined by cold welding. 
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Fig. 5—Maximum weld strength for various sheet 
thicknesses of 24SO aluminum. Similar families 
of curves are obtained for other aluminum alloys. 


The 
alloys is of particular importance be 
the 
associated with welding them by other 


success with aluminum and its 


cause of difficulties and expense 


means. Obviously, however, all alum 
inum alloys are not satisfactory tn \ 1cWw 
of the previously mentioned restriction 


For 


series of tests on sheets of Alclad 


on yield strength exam 


my 
Dn 


imposed 
ple, a 


4S-T3, a high strength, heat treated 
illoy, were all unsuccessful. Weld for 

mations were obtained for sheet re 

ductions on the order of 90 percent 
but these were acci inied | uck 

in Similariy, the high yield strength 
ot 75ST aluminum, about 70 ks limi 
nates it at present for load carrving 
bonds. On the other hand. no difficul 
ties were encountered with Alclad 


G20 


24SO, an annealed aluminum alloy 
with a yield point of 14 ksi, in the 
combinations of tool size and sheet 
thickness described below Table I 


ld 
id 


gives a general comparison of the we 
ability of several common alloys 
As brought out in the previous se 


tion, the percent deformation is a Cri 


cal factor. To analyze this parameter 


further, curves of sheet deformation 
are plotted against the ultimate strength 
of a single weld in Fig. 2, for a con 
nercially pure aluminum and in Fig 
5 for iSO in various combinations 


of sheet thickness. These curves are al 


oncay downward, indicating 


there is an optimum sheet reduction for 
which the weld strength is a maximum 
By 


cross plotting the data of Fig. 3 


Product 


Stroin, incnes per inch x 107 


Fig. 6—Heat-treatability of welds (A) top, for two 
0.051 in. sheets as compared (B) bottom, to that 
of the parent metal. 


other tool 
SIZES, Fig t the percent 


reduction in sheet thickness for maxi 


ror 
how 


and similar formation 


shows 


mum weld strength varies with sheet 
thickness for 24SO Alclad. Since 
curves are parallel straight lines, it 
that increased 
thickness 


these 


S 
reduc 
is required, as the 
With 


this character 


seen an per ent 
tion in 
sheet thickness itself is increased 
aluminun 


ipplies only when the thickness is 


ommercial 
sti 
ibout 14 inch or mor 

4 
Graphs of th maximum weld 


rsus 


strength v¢ 


three tool sizes are plotted in Fig. 5 
These curves have a maximum strength 
it a total sheet thickness of 0.11 n 
indicating that the 064-0.051 in 


combination is best for a rectangular 
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Fig. 7—Bearing pressure required to cold weld 24SO aluminum sheets as functions 
of percent reduction in total thickness. Fig. 5 gives the percent reduction for maxi- 


mum strength. 
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Ss 
= 


thick and this aluminum 
Although only 24SO was used 
to get the data in the previous illus 
trations, similar trends—though differ 
ent magnitudes—can be expected for 
other alloys of this type 


tool 0.64 in 
alloy 


As noted previously, one of the ad 
vantages of cold welding is that it is 
the only form of welding aluminum 


that shows any to heat treat 


The 


re spons¢ 


ment properties of the parent 
metal remain unchanged except for 
the effects of a slight cold working 


(A) 


ndicate that both solution and precipi 


The data epr sented by Fig 6 


tation types of treatment are effective 
Although these increases are less. than 
the corresponding gain in the basi 


1 


material resulting from heat treatment. 
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commercially aluminum. 
. L 
mt | Tl 
2 
See 
(b) Tool length, in 


Fig. 6 (B), they are large enough to 
have practical significance in many ap 
plications. 


Bearing Pressure 


The basic requirement for bearing 
pressure 1S that it exceeds the yield 
strength of the material. The tool size 
and shape and the section thicknesses 
are the main that 
the degree by which this value must 
be exceeded 

The 


aluminum for three different tool sizes 


factors determin¢ 


pressure required with 24SO 
function 
of the percent reduction in sheet thick- 
ness. This indicates that total thickness 
rather than the thickness of the 
vidual sheets is the determining factor 


are presented in Fig. 7 as a 


indi 
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To investigate the effect of varying 
the rate of application of pressure, 
welds made in approximately five sec 
onds were compared on the basis of 
ultimate by ex 
tending the welding time to one min 
The and deformation 
were used in both cases. The 
that pressure 
effect 


range test d 


load with welds made 


ute same tool 


results of 
indicate rate 


these tests 


measurable ultimate 


the 


has no on 


strength for 


Die Design 


The mportan of prop r die desigti 
and shape cannot be overemphasiz 
In general, the width must be choset 


to provide satisfactory flow character 
istics and the length must be controlled 
to provide adequate tool joint strength 
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Fig. 9—Examples of some of the welds now being made by the cold welding process. Others are being developed. 


in view of the reduced cross-sections 
Typical variations of maximum load 
capacity and percent reduction required 
for joining 24SO sheet 0.064 and 
0.051 in. thick are shown in Fig. 8. 
Data for the effect of width variations 
for this alloy are not available, but 
Fig. 8 (C) shows typical data for com- 
mercial aluminum of 99.8 percent 
purity. 

A limitation to the use of rectangu- 
lar welds, however, is their obvious 
susceptibilty to fatigue cracks. To im- 
prove this rounded corners are pe 
ferred. Circular welds are now used on 
wires and small rods, but have not 
proved suitable for joining sheets to 
date. Many other types of welds have 
been developed, Fig. 9, and work is 
being done on still more to meet the 
needs of different applications 

In general, the proper basis for de- 
termining the necessary tool design 
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data should include a set of curves of 
maximum ultimate load and the corre- 
sponding percent reduction in sheet 
thickness plotted as a function of tool 
length or diameter for different thick- 
ness combinations. Additional data on 
the required press capacity can be pre- 
sented by curves of bearing pressure 








required for optimum reduction as a 
function of tool dimensions. 


The importance of maintaining ac- 
curate tool alignment was also empha- 
sized by these tests. U 
support was provided, 
shifted laterally with 
lower half, causing the 
one side of the weld 
pressed on the other. 


nless adequate 
the upper tool 
respect the 
sheet to rise on 
and to be de- 


to 


Because of its potential to replace 
more expensive and cumbersome meth- 
ods, cold welding offers substantial 
economic advantages in many applica- 
tions. Complete data to support this 
argument are not yet available 


Economically, the principal factors 
in favor of this method are the sim- 
nlicity of the equipment required, the 
speed of the process and the elimina- 
tion of the need for skilled workers 
The dies in themselves are not expen- 
sive to produce since commercial steels 
are usually satisfactory and exacting 
tolerances are not required 


The future of cold welding is inti- 
mately related to the need for more 
fundamental research and the develop- 
ment of tools and procedures that are 
suitable for mass production use. With 
high strength alloys of aluminum and 
other materials, the large percent re- 
ductions required to produce satisfac- 
tory welds restricts their use at present 
One possible solution to this particu- 
lar problem. may be the use of heated 
dies. As shown in Fig. 10, 24ST4, a 
heat-treated Alclad with a yield point 
of approximately 37,000 psi, can be 
welded satisfactorily if the dies are 
heated to 600 F. The maximum shear 
strength in a single weld of this type 
was 90 lb, or about 80 percent of the 
parent metal shear strength. 
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Fundamentals 
of Resistance Welding 





Because it permits high volume, economic production, 
resistance welding has become a widely used method for joining 
and fastening metal parts. There are several books available 
for those who want to know how to perform resistance welding 
operations in the shop. Others describe how to design parts 
for each of the techniques. It is not the purpose of 
this chart to compete with such books. The chart attempts 
to provide designers with a basis for choosing one method of 
resistance welding in preference to others. Briefly discussed 
are the advantages, limitations, and design considerations 
that might influence such a decision. In addition, 
considerable material is devoted to the weldability of metals, 
both similar and dissimilar. 

Although stud welding is a form of arc welding it has 
been included because its applications are similar to those of 


resistance welding techniques. 
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Metal Combinations 
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CARBON AND 
ALLOY STEELS 


STAINLESS STEEL 


COPPER AND 
COPPER BASE ALLOYS 


ALUMINUM ALLOYS 


SPOT WELDING 


CARBON STEELS. Low carbon content (less than 0.20 percent) welded with no appreciable 
hardening effect. To spot weld high carbon steels, SAE 1035 and up: current is decreased 10 
percent, pressure increased by 10 percent, and timing cycle is increased over those variables 
associated with low carbon alloys to minimize weld brittleness. There is more spitting and 
indentation with high carbon steels 


Low ALLoy STEELS. Both low alloy and carbon steels that exhibit brittleness in welds can be 
spot welded by using tempering contro!. Two pulses: First pulse is actual spot weld that 
produces the brittle nugget; second pulse is a tempering pulse that removes most of the brittle 
ness. The latter is about 4% that required for spot welding and the time cycle of each impulse 
is about the same 


Suited for spot welding because of the clean surfaces, free of coatings and heavy oxide scales 


Weldability of Similar Me 


PROJECTION 


CARBON STEELS. Not re 
stock less than 0.015 in 
jectior ich thin n 
inder pt ire. Other 
adapted since they pern 
as t ze, shape and lo 
tions. Variations in hs 
stock may ause une\ 


wear of forming dies 


Low ALLoy STEELS. S: 


as listed under! spot we 


Not difficult but projec 





It is easier to weld type 302 stainless than ordinary low carbon steels. However, chrome-nickel the least picuous 

grades are susceptible to carbide precipitation, decreasing the corrosion resistance of the mate any possible dentatio 

rials. Where necessary to completely avoid such precipitation, use stainless types 347 and 321 eed for fir ng the p 
Current, diameter of electrode contact points, pressure and welding time must be controlled Other factors are th 

closely. Compared to spot welding mild steel. use 10 to 15 percent less current, shorter weld spot weid 

ing times because of higher resistivity, and two to three times as much pressure for stainless 

302. Variations are more critical. No less than five cycles of time should be used unless con 

trol can be exerted within “% cycle. Good spot weld of high strength obtained in type 400 and 

302 

Copper. Spot seam or projection welding of copper is difficult. Flash welding easy to weld in the thin gages and can be 

gives the most satisfactory results since the heat is localized at the abutting conditions. Pressures less than 400 Ib sh 

edges. Thin gage metal, below 0.035 in. thick, can be spot welded by facing short welding times are used. Any metho 

high conductivity electrodes with tungsten or molybdenum. The process re provided that high currents and short we 


quires current six to seven times greater than used for mild steel, pressures 
50 percent greater and about equal welding time. Tin coating surface eases 


Rep Brass, Low Brass, COMMERCIAL Bro 


welding because it increases surface resistance per; but difficulties and requirements 4 
Weldability of copper base alloys will depend on the electrical conductivity pressure and fairly high energy input. Sot 
. »« eat sane 
and resistivity of the alloy. Generally, weldability decreases as the copper Strengths of joints are relatively low 


content within the alloy increases. Projection welding of copper and brass ? 
YELLOW Brass 
not recommended since the projections will collapse under pressure 
Muntz METAL, ToBIN BRONZE, NAVAL Brass, MANGANESE Brass. Relatively welding factors 
Group A, Class 





All the commercial aluminum alloys produced in sheets or extrusions can be spot welded provided 
that the parts are not too thick. Because of aluminum’'s high electrical and thermal conductivity 
large welding currents applied for relatively short time periods are required. Amperage is usually 
two to three times that used for mild steel, time 40 percent less, and pressure the same. Control 


must be exacting because aluminum has a short plastic range. Weldability will vary with alloy 


TERNE PLATE. Recommend group A, class 1 electrodes (Elkaloy A or SMS 101) using 10 percent 
less current, 20 percent longer time cycle and same pressure as for mild steel. Coating tips with 
terne plate prior to welding changes contact resistance and prevents sticking. If hold tim ong 


COMMERCIAL Brass, ADMIR 
or seam welded but good welds are pai 


or surface conditions. Sut 


2 tips for spot welding 


Coated metals may be 
provided that the be 
enough to prevent pre 





ECTION WELDING 


S (nal 


yressure 


ariations 
ay ause uneven 


f 


Materials 


STEELS. Not recommended for 


0.015 in. thick since pro- 
such thin material collapse 


Other sizes are well 


since they permit a wide choice 


shape and location of projec- 
in hardness of sheet 
or excessive 


rming dies 


Y STEELS. Same precautions 


der spot welding tempering. 


it projection should be in 
hide 
ble indentation and to prevent 
finishing the polished sheet 


fa rs are the 


picuous position to 


same as when 


IAL BRONZE 
juirements are similar 


ively low 


Brass, ADMIRALTY Brass. Can be spot, projection, 
are particularly sensitive to variations in 
ynditions. Surface must be carefully cleaned. Use 


ot welding 
te uded parts with sufficient 
thick to support the projec 


netals may be projection welded 


Oo 


base metal 


that the is thick 
revent premature breakdown 





1d can be welded over a considerable range of 
1an 400 Ib should be avoided. High currents and 
ny method of resistance welding can be used 
and short welding times are used 


Weld slightly better than cop 
Requires low electrode 
rgy input. Some difficulty with electrode sticking 





CARBON STEELS. High carbon steels (above 0.20 
percent carbon) weld satisfactorily except that weld 
hardening occurs. The degree depends on the per- 
cent carbon present. High carbon alloys require 
subsequent heat treating to remove brittle zone 
in and near the weld 

ALLoy STEELS. Weld 


hardening may occur 


that 
Need for subsequent heat 
treating can be determined only after examining 
the degree of hardness in the weld. Both carbon 
content and specific alloying compositions influ 
ence hardness 


satisfactorily except 


When welding stainless type 302, use pressures 75 


percent greater than those used with mild steel, 50 
percent less current, and slower welding speeds 
On-time should be short to prevent carbide pre 
off-time should be 


greater than on-time. External cooling with water 


cipitation two to three times 


is critical. Good seam welds of high strength ob 
tained in type 430 and 302 stainless 


For other factors, see spot welding stainless steel 


lack of strength. 





Seam welding aluminum alloys is difficult because 
it requires exacting control of the process to obtain 
good results. In seam welding 24ST alclad, concen 
trate the current at the weld 
and 11 
Water cooling, two to three gallons per minute, is 
essential to minimize pickup and heat conduction 


wheel has a deg 


deg angle or a radius of one or two in 


Technique requires synchronous timing. Speeds 
range from one to five in. per min., excessive speeds 
increase pick-up. Spot spacing—25 per in. on mate 
rial 0.010 in. thick, 7 per in. on material 0.125 in 


thick. On time is short, off time is usually three 


times greater. Current requirements range from 
20,000 amps for 0.010 in. material to 45,000 amps 
for 0.125 in. thicknesses. Pressure is 15 percent 


greater than that used with mild steel. As in spot 
welding, weldability will vary with alloy type 


Welding to the 
cedure for uncoated steels of similar composition 
Terne 


oated metals is very similar pro 


late. tinplate and galvanized iron require 








CaRBON STEELS. Welded 
but parts are stressed at low values. Hig 
carbon alloys with more than 0.50 per 


cent 


satisfactoril 


carbon, harden and may requir 
both preheat and postheat treatments, t 
minimize cracking 

ALLoy STEELS. Hardening is complicated 
by presence of alloying materials. Usual 
ly need preheat treatment to prevent 
cracking and post-heat treatment to re 


lieve hardness 


When flash welding stainless steel there 
is a tendency for grain growth and am 
of the With all 


types of stainless pressures 


brittlement weld area 


alignment 
current must be 


and welding time con 


trolled closely 


NICKEL SiLver. Can be welded but because of higher resistance, requires less 
current and higher pressures than other copper alloys. 


PHOSPHOR Bronze. Weldable as long as welding time is kept short. Required 
energy input is low. Welds have good strength properties but ductility is rela- 
tively poor. There is a marked tendency toward electrode sticking and pick up 


Cupro-NICKEL. Weldable, but requires careful surface cleaning because re- 
fractory oxides are present. Projection welding not recommended because of 


SILICON BronzZE. Best of the copper base alloys for spot welding. Requires low 
energy input, short timing. Slight tendency toward electrode sticking 


These alloys have been butt 
satisfactorily in forms of sheets 
extrusions and rolled bar: 25, 35 
and 61S. Higher like 
24ST exhibit little elongation and are 
considered too brittle for this technique 


Particularly 


welded 
tubing 
535 


strength alloys 


well adapted are cross 


sections less than one sq in. in area 


Mechanical difficulties limit the process 
thick 


to sections larger than 0.050 in 


Plated and coated finishes have no effect 
on flash welds if the coating is an elec 


trical conductor. However, flash welding 








enough to allow cooling, tendency to stick will be reduced. Use flat tipped or dome faced elec- of metal in the projectior 
trodes to minimize indentations. Welds made in this manner leave the surface clean and bright. pressure 


See spot welding 
Tin Piate. Use shorter welding time of one to three cycles, 50 percent more current. and 50 per 


cent more pressure than mild steel. Use flat tipped electrodes to minimize indentations 


GALVANIZED STEEL AND GALVANIZED ZINC PLATED. Zinc coatings on thicknesses up to 0.078 in. are 
not materially affected. If thickness is greater, the zinc coating is partially destroyed but a chemical 
reaction induced by welding retards rust penetration beyond outside surface spots. To minimize 
vaporization of zinc, reduce welding time use current and pressures 25 to 50 percent larger than 


for welding mild steel. However, it is essential to maintain close control and to have sufficient 
machine capacity 


ALUMINIZED STEEL. Major difficulties arise from porosity and severe indentation of spot weld 
Wire brushing the surface minimizes expulsion and electrode pick up. Two-inch radius domed 
tips recommended with current 30 to 50 percent higher than mild steels of same thickness 


CHROMIUM PLATED STEEL. Not recommended because 


coating is usually thin and surface is 
marred by spot welding 


COATED METALS 


NICKEL PLATED STEEL. Not recommended 


CaDMIUM PLATED STEEL. Because the coating has a low melting point high electrode force is 
required to reduce electrode-to-sheet resistance. High current and short time settings are also 
recommended to reduce the flow of heat from the weld to the sheet surface. Frequent cleaning of 


electrode tips is necessary 


PHOSPHATE COATED STEEL. The coating affects electrical resistivity of the surface to a degree that 
prevents passage of current through the sheet at low pressure. Some success in spot welding at 
high pressures. However, variations in coating have been found sufficient to prevent welding 
Spitting occurs, electrode tip life is short and tip pick-up occurs 





Used on magnesium alloy sheet and extrusions in thicknesses up to where condensation takes place. Dome shaped tips | 
> 3/16 inches; alloys ASTM AZ31X, Ml, and AZ61X frequently 2 to 6 inches are most commonly used. The 4 deg. fi 
@] welded. Pre-weld cleaning essential to produce consistent welds employed with diameters from % to 1% inches; es) 
~ Chemical pre-weld cleaning preferred since a low and consistent sur on one side of work where freedom from marks is es 
z face resistance can be maintained for about 100 hours. Mechanically tips seldom used. Copper pick-up undesirable since 

cleaned material should be spot welded directly after cleaning since sion on magnesium will occur. This precludes freque: 
a surface resistance increases within 8 to 10 hours fine grit aluminum oxide cloth backed with soft rub 
< Both a-c and stored energy machines can be used satisfactorily Factors such as pre-weld cleaning, frequency of « 
a Rapid pressure follow up heads required to maintain pressure on the and variables encountered in welding are dependent 
= weld during solidification due to the high shrinkage and high thermal composition and hardness. In welding dissimilar all 
bee | conductivity. In comparison to welding the aluminum alloys, short should be in contact with sheet requiring greatest hea 
wn weld durations, lower current density and lower welding pressures When welding sheet of unequal thickness, electrode \ 
bsg used. Synchronous timing is essential in control tact area used against the thicker material. In additior 
z Electrodes Group A Class 1 recommended, however hard rolled nesses should not exceed 2:1. Spot distance ranges 
: pure copper can be used as offset electrodes. Water cooling employed 16 times sheet thickness; edge distance 4 to 6 time 
= however should never be cooled below the dewpoint temperature Weld nugget resembles a chilled casting and ha: 


properties of cast metal 


Welding procedures similar to those used with steel. Recommend Group A, Class 2 electrodes Applicable for these all 
When welding dissimilar thicknesses, recommend using a Group B electrode to position the weld mended that t 
For Inconel or Monel, use a 20 deg. bevel flat faced electrode. A 10 deg bevel flat electrode for than recomm« 
nickel will reduce sticking. In addition shortening weld time reduces sticking Careful pre-weld Higher pressu 

are also advis 
cleaning required 


Minimum weld spacing and contacting overlap 1s dependent on thickness being welded. Values 
for weld spacing varies from 2 in. for 3/64 in thickness (two sheets) to two in. for “% in 
< » é g 2 


, ¢ ‘ / ? s above conditions 
thickness (two sheets). Values for overlap are from 5 16 to % in. using above cond 


HIGH NICKEL 
ALLOYS 





Zinc ALLoys. Little procuction data, but die castings containing 95 percent 


Spot Welding: Upper electrode 
Ma z‘nc, 1 percent copper and 4 percent aluminum have been resistance welded pressure 230 Ilb., current 10,500 ar 
3 re) using all procedures satisfactorily. Full synchronous electronic control re: off 
q Le ommended. Recommend pulsation welding technique for both spot and pro Projection: Both electrodes fiz [ 
dq jection instead of single pulse with electrode material Group A class 1. For dia., pressure 130 lb., current, 15 amy 
4 seam welding, use electrode material Group A class 2 (only experience re cycle off 
Zz [<) ported has been on sheet 0.018 in. and 0.024 in. thick) Seam Welding: Wheels, nine 
N < Typical data on % in. material foliows 
=) 











1 the projection because of the 


welding for other 


e shaped tips with radii from 
d. The 4 deg. flat tips are also 
1% inches; especially desired 
om marks is essential. Conical 
lesirable since galvanic corro- 
ecludes frequent dressing with 
1 with soft rubber pad 

frequency of dressing of tips 
are dependent upon the alloy 
. dissimilar alloys, smaller tip 
ing greatest heat input to weld 
ess, electrode with larger con 
rial. In addition, ratio of thick 
listance ranges between 8 and 
ce 4 to 6 times the thickness 
sting and has the mechanical 


le for these alloys. It is recom Procedures guided by conditions for spot welding 

that projection height be less Electrode diameter of 5/16 to one in. used for spot 
ommendations for mild steel welding (exact value depending on composition 
»yressu! ind longer weld times and thickness welded) can be used as width of 
advisable usually wheel face 

ctrode liameter, “% in. lower electrode, flat; in. Der min.; 

500 ar time, 3 impulses—13 cycles on, 5 cycles cycles off. Weided under flowing water 


des flat 


nine in. dia., 11/32 in. width face; wheel speed 14 





projection, 0.064 in. high by ™% in 
ent, 15 amps; time 8 impulses—5 cycles, on 1 


slightly higher pressures and currents than un- 
coated metal 

Frequent cleaning of the electrode wheel is re- 
quired when welding materials with a low melting 
point coating. Although such a coating usually 
melts during the process, sufficient coating is left 
in the weld area to afford partial protection from 
corrosion 
PLATED STEELS. Not recommended. seam welding 
destroys the plating 


Conditions similar to that of spot welding exhibit- 
ing comparable strengths. Never used in joining 
of flat sheet due to buckling. Used in the manu 
facture of cylindrical drums. Very little application 
for seam welding so that only a few fabricators 
are equipped to do this work 


Butt welding: (For * in. dia round bar). Pressure 670 Ib; current 19,400 


amps; time 2.3 sec 


stronger but less ductile 





pressure 1,680 lb; current 19,700 amps; time, 33 cycles on, 12 


Leap AND Leap ALLoys. Require low currents and low pressures. Welds in 
pure lead are ductile but lack strength. Welds in lead-antimony alloys are 


destroys the coating in the weld and the 
area adjacent to it. Flash welded parts 


have to be treated to restore surface 
properties in this area 





Hydraulic flash welding machines with | 
rapid burn-off and fast push-up are best 
suited for magnesium. Good welds can 
be made with 90 percent strength effi 


ciency 





Not recommended for upset welding be- | 
cause of tenacious oxide; suitable for 
flash welding, particularly when joining 


dissimilar metals 

Flash welding procedures very similar 
to that used for steel. Exceptions include 
higher forging pressures because of 
higher hot strength of these alloys, less 
initial jaw spacing because of higher 
electrical resistance, and closer control J 














Fundamentals of Resistance Welding 


SPOT WELDING 
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ADVANTAGES 


TATIONS 





here items to be 


Three general types of joints 


tugh small electrodes causes local fusion of a small area 
pot which, when cooled, forms into a weld “nugget.” 
hanical pressure is maintained from initial contact until 
the current has been cut off 
Pulsation welding is similar to spot welding except weld is 


ade with more than one impulse of heat. Welding current 


without removing the work 


nterrupted, one or more times 


releasing the pressure 


ligh production speeds possible with speed dependent on skill 


yperator when equipment is either foot or hand operated 
mpletely controlled 
bulky 
tra metal is required as in riveting, brazing, 


automatically apparatus available 


welded are portable equipment is 
lable No ex 
lering « 


g ope 


or fusion welding. Savings in machining and straight 
rations after welding. Good appearance 
ATIONS. Joining thin to medium thick parts either of 


lar or dissimilar metals; tacking assemblies prior to fur 


brazing or arc welding. Used for products like cabinets, 


t metal assemblies, equipment frames 
1) coach joint—joining flanges 


ed 2) lap joint 


at a 90 degree angle weld placed in center 


rlapping edges; 3) butt strap joint 


ition welding electrode 
can weld thicker 


equipment 


advantages include increased 


water cooling in off-time cycles 


production using same lower current 


an be used, minimizing spitting and splashing of weld 
aly steels and oxide coatings can be 


brittle 


penetrated by 


mm; high carbon and other steels can be welded 


hen annealed 


ess limitations inch thickness 
Weldability also 


uch as low electrical resistance and high 


vary from one-half to one 


ets) depending upon the alloy type 


Dy factors 
ty. Requires flanges and overlaps of proper 


} 


accessibility and maximum weld strength. Equip- 


is high power supply 





PROJECTION WELDING 
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hanatded 


High amperage at low secondary voltage flows from 
dies or electrodes through projections or embossments 
previously formed on one or both of the workpiece: 
These determine location and size of the weld nugget 


and serves to localize the current. At the projecti 
the metal melts and is welded by pressure. 


Projection welding usually performed in multipl 
High production speeds and good joint strengths p: 


vided that design of projections are within recon 
mended practices. Used in joining sheet to sheet, sheet 


to tube, sheet to solid bar or wire and previou 
formed sections made from either sheet or bar. 


APPLICATIONS. When 


join parts having natural projections 


Usually requires tooling to form projections un! 
projection is natural (line or point contact betw 
parts). Metal must have sufficient strength to sup 
usually satisfact 


the projection—brass is not 


aluminum parts are limited to extrusions, and copp: 
is unsatisfactory because of low electrical resistanc« 


high heat conductibility, and low strength. 


several welds must be made 
within a concentrated area; to weld fasteners and t 
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Pressure 


High amperage current at low secondary voltage applied 
through circular electrodes which transmit both current 
and the necessary pressure in producing a series of over- 
lapping welds. The weldment is produced as two or more 
sheets of base metal pass between the electrode wheels. 


High production, semi-automatic since work is fed into 
revolving electrode wheels. Where overlapping spot welds 
are employed, gas tight seams are realized. Where spots 
are not overlapping, the process is known as “roller spot 
welding.” No weld bead visible, although there is some 
marking of joined members by the electrode wheel. Mini 

mum distortion and warpage 


APPLICATION. Used to best advantage where long linear 
welds or spaced multiple shots are desired. Large sheet 
welding, tube welding and similar products. Parts manu- 
factured in large volumes are especially adapted to 
automatic feed. Some small parts requiring continuous 
Parts that require liquid or gas-tight seams. 

There are three types: 1) continuous—gas- and water 
tight weld made by continuous wheel rotation and un 
interrupted current; 2) overlapping—more stable than 
yntinuous; made by interrupting current so individual 
verlapping spot welds form; 3) roll spot welds—appear 
like carefully spaced spot welds, made by interrupting 
urrent for longer intervals between welds 
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End to end joining of rods, tubes, bar, sheets and other sections. 
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FLASH. Weld is made over entire 
area of abutting surfaces and the 
pressure is applied only after 
heating has been substantially completed. Current-carrying 
dies grip the work with abutting edges brought together lightly 
producing an arcing or flashing action. This forms a molten 
area at the edge and subsequent pressure forces out the molten 
metal and produces the weld in the plastic zone right behind 
the melted area. 
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Upset. Current carrying dies grip the work pieces and hold 
them in close end-to-end contact under pressure until the ends 
are sufficiently heated so that a weld is made by the applica- 
tion of this push up pressure. Pressure is maintained through- 
out the entire cycle. 


Upset. Limited to relatively condensed sections, however can 
be used in joining tubes, bars, etc. This process, because of its 
limitations, has been largely superseded by flash butt welding 


FLasH. More widely used than the upset butt method since it 
can also weld sheets and other extended sections. Other ad 
vantages include greater weld strength, smaller power demand, 
less power consumption, greater speed, less heat developed in 
the body of the work, special preparation of weld surfaces not 
required, can join dissimilar metals varying widely in indi- 
vidual fusing temperatures 





Upset. Abutting sections inust be identical in size and shape 
(maximum variation of allowable: 15 percent). 
Tight fitting, clean surfaces required. Design of part welded 
is critical. High tooling costs. Relatively high equipment main- 
tenance costs. Power requirements limit size of section that 
can be welded. Require clean, smooth and uniform surfaces 
for die contact. 
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Modified arc welding technique for joining a 
stud to a flat or curved sheet or plate. High 
amperage, low voltage is discharged through 
the stud as tip touches sheet causing an arc 
Heat of arc melts adjoining surfaces of stud 
and workpiece which are then firmly joined by 
spring pressure supplied by the welding gun 
The stud, usually a machined screw, hooks or 
eyebolts, has a flux-filled tip 


Quite rapid with a weld being made in about 
¥2 sec. Inexperienced operators can do stud weld- 
ing, producing from 500 to 1,000 welds per eight- 
hour day. Good fusion between sheet and stud 
Studs can be placed even in difficult locations 
Widely used in ship building, 
Use 
panding in many other basic industries where 
it is replacing conventional metallic arc weld 
ing. Can be used on mass produced products like 
appliances, automobiles and nameplates as well 


Applications 


transportation and oil industries is ex 


as shorter run industrial products. Same as in 
any arc welding process: low carbon content re 
quired to prevent weld brittleness caused by 
hardening effect of carbon; low sulfur content 
required in ferrous alloys to prevent embrittling ; 
low lead alloys. Other 
alloys, like copper bearing aluminum, may not 


content in nonferrous 
be satisfactory because of low corrosion resist 
ance and other poor mechanical properties 


There is no limitation on maximum thickness 
of sheet, but minimum thickness for satisfac- 
tory welding is 0.02 in. Strength of the weld is 
normally measured only by the strength of the 
material, or the stud 
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LESTER F. SPENCER 


Chief Metoliurgist, Landers Frary & Clark 


GENERAL INFORMATION 


Conditions for welding mild steel are used as a stand 
ard. The following rules of thumb apply for determin 


ing variables when welding mild steel 


For Spot Welding. (SAE 


1005 to 1020 steel.) 


1. Tip Size dia (0.1 two thicknesses ) 
2. Pressure 6000 (two thicknesses ) 
3. Time in cycles (two thicknesses) 100 


4. Secondary amps (two thicknesses) 


For Seam Welding 
1. On and off time 


cycles per second *« 60 


in. per minute weld speed spots per in 


) 


2. Number of spots per min 


cycles per second x 60 


on time off time 


100.000 

















DESIGN CONSIDERATIONS 


ELECTRODE SELECTION 


Applied loads should be shear loads; spot welds in- 


itly develop stress concentrations at the edge of the weld 


i the inner faces cf the sheets when subjected to tension or 


Ki 


ised in « 


} 


loading. Strength of weld in tension is erratic, but it can 


ompression 


There is a minimum distance that must be provided 


both spot spacing and edge distance. Edge distance should 
ifficient to retain ail fused metal in one place and prevent 


lsion of metal at the edge 


times weld diameter 
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Spot spacing should be at least 
Insufficient spot spacing will shunt 


ng current producing weak welds 


R. Increasing the number of spots in a structure will 
se shear strength. To get shear strength as nearly equal 


sile strength as possible use additional rows of spot 


; until the sum of the spot diameter is equal to or greater 


an. the 


width of the sheet 


Arrangements similar to rivet spacing supply high 
Three 


dimension 


types: 1) single row—spot aligned on 


requires the least amount of overlap. 2) 


ible row—requires greater overlap but more evenly dis- 
butes the loading to increase service life. 3) Double row 
taggered—requires less overlap than the straight double row. 


iE 


Tr SIZE 


Electrode tip size controls weld nugget size. As 


iterial thickness increases, nugget diameter must increase to 


elop proportionate 


shear strength. As rule of thumb, tip 


ameter is figured by 


diamete! (0.1 + 2 sheet thickness) 


to 0.060 in. material, weld nugget is 98 percent of tip di- 
ter 
).060 in. material, weld nugget is 90 percent of tip diameter. 
0.125 in. material, weld nugget is 110 percent of tip di- 
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Desk 


a face 


iN. Tip shapes 


I 


fall into four general classifications: 1) 
2) truncated cone form with flat contacting area; 3) 


jiome-shaped tip with flat contacting area; and 4) dome-shaped 


tip with spherical contacting area 


To reduce surface indenta- 


tion to a minimum, use flat-faced electrode against the critical 


urface and one other type opposite to localize current. Other 


factors affecting design 


accessibility of weld area, composition 


und thickness of parts, and finished surface requirements. There 


nust be sufficient clearance so that the electrode is not shorted 


1 the sides of the weldment. Offset tips are used when flange 
area is not sufficient for standard holders. Cooling water should 


yme as close to the electrode surface as possible; volume cf 


should be such that maximum water temperature rise 


through the electrode is about 20 F 


MATERIALS. Group A (copper base alloys 
Class 1 


RW MA standards.) 
General purpose material with high electrical and 


hermal conductivity. Used for spot welding aluminum alloys, 


agnesium alloys, brass, bronze and coated materials such as 


mn 


plate, tin plate, galvanized iron, and cadium plate. Class 


yt used in cast form 


Cless 2: For high level production and applications that 

uire heat treating; used for welding clean mild steel, low 
alloy steels, stainless steels, low conductivity brasses and 
ronzes, nickel-silver, nickel, nickel alloys and monel. 


Class 3 


rica 


l 


Not recommended except for welding high elec 


resistance materials such as the stainless steels. Alloys 


this claus are heat treatable 


Group B (copper-tungsten alloys) 


Not recommended 








For a given thickness of stock there is an optimum 
height and diameter of projection. They should be 
round or as close to it as possible. There are three 
common types: 


1) button—used in flat sheets with thickness from 
24 to 13 gage, or 0.025 to 0.0937 in. thick. 

2) Cone—more rigid than the button; used in flat 
sheets from 12 to 5 gage, or 0.01093 to 0.218 in. thick. 

3) Spherical—used in heavier sections and forgings. 

Three fundamental rules. 1) Projection must be 
sufficiently rigid to support pressure applied by the 
electrodes or dies. 2) It must have sufficient mass to 
heat the opposing surface to proper welding tempera- 
ture. 3) It must not be sheared or distorted when ini- 
tially formed. 

Where to place projection. Basic rules of heat trans- 
fer control location of projection. When welding dis- 
similar metals, place projection on part having the 
highest thermal and electrical conductivity. If weld- 
ing light to heavy gage, make projection diameter 
and height as per light gage specification. If welding 
heavy to light gage, make projection diameter as per 
heavy gage specification, and projection height as to 
light gage specifications. 


DESIGN. Flat surfaces of dies have larger areas than 
Opposing faces of the dies 
Design depends 


primarily on the nature of the job. If dies have gages, 


spot welding electrodes 
must maintain a parallel relation 


clips or locators attached, design should prevent the 
accessories from carrying current 


MAaArTERIALS. Group A (Copper base Alloys) 


Class 1: Not recommended but can be used for dies. 


Class 2: Not recommended but can be used for 
dies 
Class 3: Specifically recommended, particularly 


when cast for highly stressed structural and 
carrying parts of the electrode dies 

Group B (Copper tungsten alloys) 

Class 10: Recommended for die facings and inserts 
when high electrical conductivity and malleability is 
desired 


urrent 


Class 11: For general purpose projection welding 
electrodes 

Class 12: For heavy duty projection welding elec- 
trodes 








SPACING. As a rule of thumb, to produce a gas tight weld 
use spacing ranging from 12 spots per in. with a weld- 
ing speed of 12 fpm for light gage to 8 spots per in. 
with a welding speed of 2 fpm for heavy gage. 

Width of welding wheel depends on thickne:s of stock 
and type of current. (See spot welding for edge spacing 
and nugget size.) 

Design of joint important for economical use of seam 
welding. Work clearances should permit use of standard 
arms and wheels. Abundant cooling water required to 
improve weld quality and retard wheel wear. In addition 
water will retard warpage, minimize surface burning 
and pick-up on wheels. 

Mash seam welding requires lap 1% times the thick- 
ness of one sheet. Weld wheel about 242 times the width 
used for standard seam welding. Pressures are about 
three times that required in ordinary seam welding. Final 
mash thickness is about 25 percent greater than the 
original thickness of one sheet. 


DesiGN. Many factors involved in spot welding apply 
here with these additional considerations: wheel diam- 
eters vary from seven to 10 in.; edge or face in contact 
with the work has a slight crown and rounded corners: 
width of wheel usually varies between % to % in., with 
a minimum value of 1/8 to 3/16 in. When welding coated 
stock used knurled wheels with frequent dressing. 


MATERIALS. Group A (Copper Base Alloys) 
Class 1: Same as spot welding. 
Class 2: Same as spot welding. 
Class 3: Not recommended. 


Group B (Copper tungsten alloys) 


Class 10: Not recommended 


Class 11: Recommended for seam welder bearing in- 
serts. 
Class 12: Principally for welding non-ferrous metals 


having relatively high electrical conductivity. 
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shape with same maximum variation in dimension as upset. 
Beveled edges on one or both parts required to obtain good heat 
balance. Design of parts is critical. High tooling costs. Rela- 
tively high maintenance. Considerable spattering during proc- 
ess. Upset area larger than in upset butt welding. 
—_+- —$—$—<—$—$—$<—$<—$—————————— — —_—_—_——— 4 
ht weld FLASH. Studs can be spaced as close as “% in. With 
. weld- Parts SHAPE: Sections must be shaped so that both pieces will ran ay equipment stud locations are main- 
per in. ; Pe tained within a tolerance of 0.003 in 
attain the same degree of plasticity and depth of plastic zone 
during flashing action. Sections of weldments should be nearly Size and design depends on application. Diam- 
f stock identical in shape and size. Also parts must be shaped so they eters range from 0.060 to 44 in. Studs may be 
PeanS can be held to alignment by the clamping dies during the threaded or unthreaded, produced as screw ma | 
forging action. They require enough area to allow application chine or cold headed products. Length should 
of seam of the clamping force. Also in the shape of the parts, reactive be at least twice the diameter to permit auto- 
tandard resistance forces should not tend to destroy alignment during matic selection. 
\ired to forging. Forging force should be resisted in the workpiece by 
ddition forces that are parallel to the axis of the workpiece and to the 
burning direction of the welder forging force. | 
; Large sections require bevels. In flash welding, joint design 
. thick- is important to obtain proper heat balance when welding dis- | 
e width similar metals. 
> about | 
g. Final 
han the | 
| 
| 
' 
| 
7 
g apply DesiGNn. Proper choice depends on the shape of the part to be None required. Proper stud holding collet de 
1 diam welded. Ability to resist compression usually is more important pends on stud diameter 
contact than conductivity except when welding non-ferrous metals that 
corners: require good current distribution in the dies. Electrode dies 
in., with always fit the work exactly to insure intimate contact and 
g coated proper alignment. 
ne: MATERIALS. Group A (Copper Base Alloys). 
Class 1: Can be used for flash and upset welding dies 
Class 2: Can be used for flash and upset welding dies and 
current carrying members. - 
Class 3: Specifically recommended for butt welding dies patevenes 
current carrying shafts and bushings. 1. Metals Handbook, 1948 Ed., American Society 
for Metals, Cleveland, Ohi 
Group B (Copper Tungsten Alloys) 2. Resistance Welding Manual, 1948 Ed.. Resist 
aring in- Class 10: Recommended for facings and inserts in dies wher ance Welders Manufacturers Association, Philadel 
high electrical conductivity and malleability are required phia, Pa 
is metals Class 11: Harder material than class 10 for use in facing 3. Principles and Practice ? Resistance Welding 
and inserts of butt welding dies. Federal Machine and Welder Company, Warren, Ohic 
Class 12: For heavy duty upsetting of rivets and studs. (Not 1. Resistance Welding. Wallace A. Stanley. Mi | 
usually used) Graw-Hill Publishing Co.. New York, N. ¥ 
Class 13: Not usually used for upset or flash welding Product Engineering June 1952, p. 148; De 
1952, p. 174; Mar. 1951, p. 89; Jan. 19 p. 135; Fet 
19 p. 88; Apr. 19 p. 11 | 
| 
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From: The Bell System-Technical Journal 


INFORMATION ON 


G FASTENING AND JOINING 


Pressure Type Connection 


New solderless wrapped connection eliminates soldering, 


reduces cost, improves quality and conserves space. 


Connection is compared with other pressure connections and soldering 


and wrapping and removal methods are shown. 


R. F. MALLINA 


Methods of joining wires to ap 
paratus terminals for the purpose of 
electrical conduction can be broadly 
divided into two groups: solder con 
nections and pressure connections. Be 
cause of the high cost of manual solder 
ing, the pressure connection is of great 
importance to the electrical industry 
One form of pressure connection—the 
solderless wrapped connection—is a 
new method that reduces cost, improves 
quality, and conserves space. The meth 
od uses a wire-wrapping tool to produce 
a gas-tight joint 

The pressure connection is formed 
by wrapping about six turns of the 
wire under high tension around a ter 
minal lug. The tool used for making 


the assembly is a hand-held gun that 
has a rotating spindle powered by air 
or electric motor. The spindle has an 
axial opening that receives the terminal 
and a second opening radially separated 
from the spindle into which the 
skinned end of the connecting wire is 
inserted. Rotation of the spindle causes 
the skinned wire to wrap around the 
terminal in a tight helix, making a firm 
mechanical metal-to-metal joint. Con 
tact pressure in the finished assembly 
is a minimum of 15,000 psi for the life 
of the connection, and 24 contact areas 
are produced when using a rectangular 
terminal wrapped with six full turns 


Pressure Connections 


Of the six typical pressure conne: 
tions, shown in Table I, the solderless 


Table 1—Classification of Pressure Conn 


wrapped connection is the only one 
that meets all pressure connection rx 
quirements. Of the seven requirements 
a good connection depends funda 
mentally on two factors: contact area 
and contact pressure 

Contact area: The effective contact 
area relative to the cross sectional area 
of the wire is of great importance 
since it controls the resistance of th 
connection. It must remain uniform in 
size, metallically bright and not be 
affected by temperature changes, vibra 
tion and handling 

Contact area is not easily defined 
For example, two flat metal surfaces 
having an area of one sq cm each and 
brought into contact do not necessarily 
have i 
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Wrapping: The operation of loading the wire and wrap- 
ping the connection is shown above. Position A shows 
the tool tip; B, the base wire 2, inserted into the feed 
slot 4; C the anchoring of the wire by bending it into 
the notch 5; D the terminal insertion; and E the wrap 





jaws of a pair of pliers (A), or (B) a formed block 
Another method (C) is by unwinding the helix by using 
a pair of pliers 

A terminal is not seriously damaged by stripping, how- 
ever, the reuse of stripped wire is not recommended. A 





Wrapping and Removal of Solderless Connection 





> 


ping of the wire 2, by rotating the spindle 1, around the 
terminal 3. Position F is the finish connection 

Removal: The wire may be removed from its terminal by 
two methods; the most convenient method is by stripping 
Two types of tools may be used: the specially formed 





wire may be reconnected by skinning to the proper length 
and wrapping. When the wire is not sufficiently long to 
provide the necessary number of turns to insure a good 
connection, one or two turns may be wrapped and then 
soldered to the terminal 

















G36 


Product Engineering — 1954 Annual Handbook 











small, only the high points of the sur- 
faces touch and large currents passing 
through such a connection may develop 
heat and melt the metal at the high 
Spots. 

Contact force: To make the one sq 
cm effective for electrical conduction 
it is necessary to press the two metal 
parts together with a force so high that 
essentially all particles of the area are 
intimately interlocked and free from 
insulating impurities If the pressure 1s 
high enough the film which appears in 
the form of an oxide on the terminal 
surface is crushed. In general, it is 
assumed that in a good connection the 
contact force should be such that the 
contact area produced is equal to or 
greater than the cross sectional area of 
the wire. In screw, crimped and 
wrapped connections the contact area 
is normally a multiple of the wire cross 
sectional area. In plug connections, 
such as on vacuum tube sockets, the 
contact area is very small. In a Fahne 
stock clip for example, the contact 
area is about 1 4 Ol the cross sectional 
area of the wirt 

Life: If the 
pressure 


electrical resistance of a 
remain constant 
with time, it is the contact area that 
must remain substantially constant, but 
not necessaraily the contact force. Once 
the metal particles are tightly inter 


joint is to 


locked a subsequent reduction in con 
tact force within relative limits 
does not change the electrical resistance 
The resistance will increase only when 
the force is 


Ww ide 


reduced to such a low 
value that vibration and handling caus« 
partial separation of the contact area 
Then, two changes may take place 

1. The atmosphere may enter 
through the fringe of the contact area 
and corrosion may begin 

2. The effective contact area may be 
reduced through dislodging some of 
the contacting particles 

In either change the resistance is in- 
Therefore, to produce a dur- 
able connection it is important to have 


creased 


a firm joint and one such that the at 
mosphere cannot enter the contact area 
The term commonly 
“ gas-tight 


used for such a 
joint is 
Elastic Reserve 
In all types of pressure connections, 
the forces that hold the wire and ter 
minal together are provided by the 
springiness or elasticity of the mate 
rials. The elasticity in a Fahnestock 
clip is quite apparent because of the 
long spring member. On the 
hand, a screw connection, 
shown in Fig. 1, does not appear to 
spring members of any kind 
Analysis, however, shows that there ts 


other 
such as 


have 


considerable elastic deformation 

To determine the 
connection and compare pressure con 
nections of different kinds, the elasti: 
reserve in the deformed wire and thx 
deformed terminal must be compared 
or computed. Elastic reserve might be 
expressed either in terms of stiffness or 
the potential energy stored in the sys 
tem. Stiffness, § 
of the applied force, F, to the 
return, D 
E, is 1, of the product of the force, F, 
and the elastic return, D. F \/4, FD 

For example: A wire is placed under 
a screw, Fig. 1, and compressed by the 
screw head to a thickness D. The screw 
is then loosened so that it just touches 
the wire. The wire has expanded to a 
certain extent and its new thickness is 
D,. The difference (D.—D,=Dw), 
Fig. 2, is the elastic return and the ratio 
F/Du Sw is the 
the wir 

Screws in terminal blocks are nor 
mally made of hard materials such as 
brass or phosphor bronze. Wires used 
for the interconnection of components 
are nearly always of a soft material and 
have a tendency to creep. If creep takes 
place in the wire during the service life 
of the screw connection, it is advan 


usefulness of a 


is defined as the ratio 
elastic 


potential or elastic energy 


useful stiffness of 


tageous to have the loss of potential 
energy in the wire compensated for by 
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1—A substantial reduction in wir- 
ing defects in manufacture and 
in service because of: 

a—greater uniformity ob- 
tained with a calibrated 


tool. 

b-—less breakage of wires 
caused by handling and vi- 
bration. 


c—no solder splashes. 
d—no clippings. 
e—no cold joints. 
f—no rosin joints. 





Table IlI—Advantages of Solderless Connections when Compared to 
Soldered Connections 


2—Less expensive connection. 

3—More compact connection. 

4—More clearance between cur- 
rent carrying parts. 

5—Easy to disconnect. 

6—Saving of tin. 

7—No contact contamination from 
soldering fumes. 

8—No damage to heat sensitive 
materials in circuit components. 

9—No hazard from hot soldering 
iron. 
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Fig. 1. Screw tightened and wire com- 
pressed, with spring analogue. 


Spring enalogue 





Fig. 2. Screw loosened and wire not com- 
pressed, with spring analogue. Wire recovery 
is denoted by Dw. The recovery of the screw 


is D.-Dw. 





(d) 
Coined ond flattened 
wire termino! 


(o) 








(e) 
Coined wire 
terminal 
(f) 
(c) Twin wire terminol 
V termuino! 


Fig. 3. Various terminals that can replace 
rectangular type. U or V shaped terminals 
are recommended for very thin terminals 
and are particularly suited for vacuum tube 
sockets and thin relay springs. 


(A) (8) 


Medium tension Mosimum tension 


Fig. 4. Stress distribution, A, along 4% turn 
of wire and B, a cross section through ter- 
minal edge showing stress distribution in 
wire. 





Fig. 5. Standard soldered connection, A, 
of U-relay compared to a solderless wrapped 
connection, B, of modified U-relay terminal. 








the energy stored in the screw. A screw, 
for example, made of soft copper 
would not be expected to make a last- 
ing connection. If on the other hand 
the screw is made of a material that 
has little creep and high elasticity, it 
would act as a spring member and tend 
to keep the connection tight. 

In comparison the wrapped connec- 
tion is in many ways similar in struc 
ture and performance to the screw con- 
nection 

The wire is wrapped around a ter- 
minal of rectangular cross section 
which can be inexpensively blanked 
from sheet stock or coined from round 
wire 3 terminal 


Fig. 3 other 
successfully used 


sh« ws 
that can be 


These terminals are ideally suited for a 


forms 


pressure connection because the edges 
produce a concentrated high pressure 
The stress distribution in 


the wire produced by the terminal edges 


on the wire 
If the wire is wound 
with high tension around the rectangu 
lar terminal 


is shown in Fig. 4 


the terminal edges dig 
into the soft copper wire, crush, and 
shear the oxide on both the wire and 
intimate 


ind metallically clean gas-tight contact 


the terminal to form a large, 


area. An indication of the high pressure 
is the crushine of the hard nickel silver 
terminal edges, by the soft copper wire 
required 


Several turns of the wire are 


the latter outlasted the 


to preserve the high contact force. In 
general it is assumed that the first and 
last two edges around which the wire 
is wrapped do not contribute to the 
joint as contact areas. A turn 
wrapped connection on a rectangular 
terminal thus has six effective turns 
Each turn contacts 4 edges or a total of 
»4 contact areas for 6 effective turns 

Thus, a good connection, Table III, 
may be defined as one that not only has 


seven 


sufficient contact area and contact pres 
sure but that also has sufficient elastic 
reserve to maintain contact 
contact pressure throughout the desired 
life 


area and 


Mechanical Disturbances 
The 


which 


mechanical disturbances to 
a connection may be subjected 
are: handling, vibration, temperaturc 
changes and cold flow 

Handling and vibration: The solder 
wrapped well 
tected from the point of view of han 
dling and vibration. The locking effect 
on the 


less connection 1S pro 


rectangular terminal or a ter 
minal having well defined edges does 
not permit 


loosening of the center 


turns from the terminal. In vibration 
tests where conventional soldered con 
nections were compared with solderless 
wrapped connections, it was found that 


soldered con 


Table 11I—Comparison of Pressure Connectors for No. 


24 (0.020 in.) 


This fact 
that a sudden change in cross section 
from wire to solder lump localizes the 
stresses at a very small area, Fig. 5A 
In the screw connection 
dition exists where the 
from under the screw 


nections is because of the 


a similar con 
wire emerges 
head In the 
solderless wrapped connection there is 
no sudden change in cross section and 
therefore no 
The 
the gradual change in rigidity of the 
wire, Fig. 5B, as it approaches the 
anchoring point is “tapered stiffness 
Heat and cold flow: When 
sure connection is subjected to high 
temperatures, that may be caused by a 
large current or to heat transfer from 
adjacent components, the pressure at 


localization of stresses 


term commonly used to indicate 


a pre Ss 


the joint is relaxed. This is true in the 
solderless wrapped connection as well 


as in the screw connection. The same 
process of relaxation takes place in 
normal temperature with time. Under 
ordinary conditions the relaxation of 
pressure in a solderless wrapped con 


nection is not sufficiently large to in 
dicate any change in resistance during 
a 40 year life test. Furthermore, 
state diffusion takes place as time goes 


solid 


on and tends to strengthen the joint 
mechanically and improves it electrical 
ly, thus, increasing the life expectancy 


of the solderless wrapped 


connection 





Requirements 


Contact force in pounds 
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m square inches 


Contact pressure in ps 
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G FASTENING AND JOINING 


Developments to W atch 


HIGH TENSILE BOLTS... . De- 
velopment work done by the Research 
Council on Riveted and Bolted Struc- 
tural Joints, and reported by the In- 
dustrial Fasteners Institute, has brought 
to light many interesting facts about 
high tensile bolts. One of the most 
interesting points dealt with the stress 
strain curve and preloading effect on 
these bolts 

In assembling a bolted joint, the 
prime object should be to tighten the 
bolt to induce a load well beyond its 
recommended preload value At pres 
ent the recommended preload is 90 
percent of the proof load. This is a 
minimum. The actual bolt tension may 
be higher; in fact, there is no known 
maximum except breakage of the bolt 
itself during assembly. Many engineers 
have the idea that bolts stressed beyond 
their yield point immediately become 
plastic and lose all their load carrying 
capacity. This is not true. The stress 
strain curve for a high tensile bolt is 
a straight true modulus line up to the 
elastic limit and then curves off gradu 
ally without any sudden or clearly de 
fined yield point, to an ultimate 
strength that is 70 percent greater than 
the minimum preload requirement 
are two important facts—first, 
there is no sudden yield point, and 


There 


second, this 70 percent is a reserve 
strength which gives the bolt plenty of 
additional capacity above the minimum 
requirement. Joints with bolts stressed 
beyond their yield point will perform 
equally well as joints with bolts carry 
recommended preload They 
will carry just as much load whether 


statically or in fatigue and the bolts 


ing the 


themselves are not weakened due to 
overtightening. This has been satisfac- 
torily demonstrated many times 


AUTOMATION IN WELDING. 
. . Much has been written about auto 
mation but little has been actually ac 
omplished. Now, in the field of weld 
ing, a start has been made without en 
tailing tremendous costs 

The General Electric Company has 
developed a welding unit for the con- 
sumable-electrode gas-shielded welding 
process that consists of a self-regulat 
ing motor-generator type welder, a 
pistol like 
wide-drive unit 


holder and an electronic 
Operation is simple 
The gun is positioned, the trigger 
pulled to get preliminary gas cover 
age, then released to feed wire. The 
arc is automatically started as the wire 
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touches the work. Operating the trig 
ger again stops the wire feed and the 
gun is held in place over the work to 
provide gas coverage as the weld cools. 

Electrode wire of aluminum, stain 
less steel, mild steel, copper, mag- 
nesium and other alloys may be used 
in the equipment with argon or helium 
shielding gas. The process can be used 
to weld aluminum of any alloy in 
thicknesses from 1/32 to 3 in. and 
stainless steel from 1/16 to 1 in. It is 
also suitable for welding aluminum- 
bronze, nickel and magnesium 

The use of solenoid trips and a con 
veyor system moving the work past 
the mounted gun would permit a com 
plete automatic welding system. Wire 
replacement or changing of the wire 
feed speed which can be done whik 
welding and without readjusting the 
welder, would be the only factors that 
could not be controlled automatically 


BOLT STANDARDS... . An im 
portant revision of the American Stand 
ard on Hexagon and Square Bolts and 
Nuts has been made after five years 
intensive study and after collaboration 
with British and Canadian standards 
bodies 

The revision is a significant develop 
ment in this field in that it provides 
complete product specification of hex 
agon and square bolts and nuts. Here 
tofore, standards for these products 
were limited to certain general head 
proportions, leaving all other features 
to trade practices or individual speci 
fication. The new standards not only 
show standard head proportions but 
body diameters and tolerances, thread 
pitch and class, thread length, point 
ing, recommended materiais, and other 
details required in the 
manufacture, 


spec ification 
selection, and applica 
tion of the products 

The standard also makes the new 
improved unified screw threads avail 
able to American industry on standard 
products, and it is a vital part of mil 
itary standardization of armament of 
Britain, Canada, and the United States 
in mutual defense efforts 

In addition to developing complet 
product standards to suit the needs of 
modern industry, special attention was 
given to the similarity of certain exist 
ng products. Studies were made of 
the reasons for various proportior 
degrees of finish and accuracy. and 
other factors that may be simplified 


The advantages of the new stand 
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ards have been so important that an 
appreciable amount of work has been 
done by manufacturers and users to 
prepare for adoption even before final 
approval and issue of the standard 

These advantages include: 

(1) Complete specification of char 
acteristics that varied with trade prac 
tice and individual specifications 

(2) Establishment of definite thread 
lengths for the various bolts and 
screws 

(3) Elimination of unnecessary dif 
ferences between hexagon cap screws, 
automotive bolts, and regular bolts, as 
well as between light and regular nuts 

(4) Simplification of wrench equip 
ment 

(5) Conservation of materia! 

(6) Unification for defense pur 
poses 
The advantages will permit and pro 
mote improvement in design by: bet 
er utilization of material and spa 


larger and more attractive purchas 
orders concentrating demand in tew 


varieties: greater economy in manuta 
ture: increased availability and turn 
over in inventory and stock 


POP RIVETS. Tubular blind 
rivets are coming into increased use in 
the aircraft field after years of avoiding 
Glenn L. Martin Company 
have made exhaustive tests and find that 


their use 


pop rivets can reduce assembly cost 
and simplify structural design 

The test program consisted of a 
series of extensive static and fatigue 
tests to determine reasonable allow able 
load values. The result of these tests 
proved that the pop rivet was worthy 
of consideration by designers in air 
frame and other industries where the 
solution to fastening problems are 
dictated by factors combining low cost, 
high strength and endurance 

The characteristics and the economy 
of pop rivets make them a possible re 
placement for many non-blind fasten 
Ings A comparison of installation costs 


I 


of conventional mechanically expanded 


blind rivets, solid rivets and Monel 


} 


$110,000 and $85.000 respectively for 


a typical production contract 


pop rivets shows values of $150,000, 


The low unit cost of the pop rive 
can be attributed to: rivets being mad 
from rolled sheet material which is 
relatively low priced, low scrap factor 


ease of installation and speed 
ing. Under favorable conditions, f 


vets can be set at about 20 per minut 
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How Du Pont Explosive Rivets 
4 Kireraft Problems 
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BEFORE AFTER 


Cross-section photographs above show 
Du Pont Industrial Explosive Rivets before and 
after firing. Notice at left that cavity containing 
explosive charge extends full length of rivet shank. 
Close drilling tolerances are unnecessary because 
when rivet is fired, shank expands to fill drill hole 
completely. Barrel-shaped shop end locks rivet 
securely in place. (See picture at right.) These 
versatile rivets are fired in as little as “2 second 
with a Du Pont Electric Riveting lron, or Friction 
Firing Tool, and greatly facilitate fastening jobs 
calling for blind or hard-to-reach riveting. 


AFTER 


A recent modification of the standard type 
of explosive rivet is the Blast-free (noiseless) type. 
This rivet has a metal plug in the shop end of the 
cavity in the rivet shank, which contains the explo- 
sive charge. When rivet expands, no deformation 
of the opposite or adjacent structure occurs, even 
when that structure is very close to the shop end 
of the rivet. These rivets store well under adverse 
conditions, and they are practically noiseless when 
being set. More complete information on this 
newest Du Pont Explosive Rivet will be sent on 


request. 


High-Speed Industrial and 


Du Pont Explosive Rivets allow extreme design flexibility that 
often eliminates steps in fabrication. These versatile rivets are a 
real help for fastening in blind spots or hard-to-reach places, and 
help speed work along open seams. First used by the aviation 
industry in World War II, Du Pont Explosive Rivets are now 
widely employed in the manufacture of bus and truck bodies, 
electrical appliances, metal cabinets, washing machines, furniture, 
toys, and various other units. 


DESCRIPTION 


Du Pont Explosive Rivets resemble ordinary solid rivets with one 
important difference. Extending the full length of the rivet shank 
is a small, carefully centered cavity containing a minute, non- 
corrosive explosive charge. Application of heat with an inexpen- 
sive Du Pont Electric Riveting Iron or friction firing tool fires the 
charge, setting the rivet neatly, firmly and quickly in place. 


APPLICATIONS 

These rivets are always set from the head side, and no bucking 
bar is needed. One operator alone can readily set Industrial Ex- 
plosive Rivets at the rate of 20 to 25 a minute, or from 15 to 20 
Aircraft Rivets a minute, 








}—_____ 


Touch head of Explo- 
sive Rivet with heated 
Du Pont Riveting Iron 
(Note tiny explosive 
charge in rivet shank.) 


| Almost instantly .. . 
charge expands, form- 


1 

i 
ing a barrel-shaped 
ra head on shop end of 
rivet, setting it in place 


All Du Pont Explosive Rivets have smooth, finished heads, requiring 
no after-finishing, buffing, trimming or cutting. In every type the 
shank expands to fill the hole completely. Du Pont Explosive Rivets 
are especially helpful in securing nonmetallic to metallic materials. 




















WIDE GRIP RANGE 


The wide grip range of Du Pont Industrial and 56S aluminum alloy Aircraft Explosive 
Rivets makes it possible to use the same length rivet to fasten varying thicknesses of mo- 
terial, reducing need for large inventory of rivets. 


> DU PONT 
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Solve Industrial and aaa, 
in Engineering Design 


Aircraft Explosive Rivets 


Du Pont Industrial and Aircraft Explosive Rivets save time and 
labor on both primary and secondary fastening jobs, and have 
proved so effective in lowering installed fastener costs that they 
have frequently replaced solid rivets and other types of fasteners. 
Engineering designs planned with Du Pont Explosive Industrial 
and Aircraft Rivets often remove restrictions imposed by conven- 
tional fastening methods . . . help reduce costs and save fabrica- 
tion time. 


STRENGTH DATA 


Du Pont Industrial Explosive Rivets assure strong joints, com- 
parable to those made with solid rivets. Single shear and tensile 
strength data for typical Du Pont Industrial Explosive Rivets are 
shown below. (All tested in single riveted steel specimens having 
recommended-size holes. ) 


52S Aluminum Alloy—Brazier Head Type 
Shear Tensile 
Rivet Strength Strength 
Diameter Lbs. Sq. In Lbs./Sqa. In 


1/8” 15,200 


15,200 


23,600 
23,000 
3/16” 


15,20 22,900 


3 Brass—Brazier Head Type 
eS 


Tensile strength of DR-204 A-16 Aircraft Explosive 5/32” 
Rivet: 1,006 Ibs. per rivet convincing reason why 

fastening done with Du Pont Explosive Rivets with- 3/16" 
stands severe stress and strain — 


SPECIFICATIONS 
INDUSTRIAL RIVETS — Du Pont Hi-Speed Industrial Explosive Rivets are available 


in aluminum (52S alloy), brass, nickel-plated brass, and nickel. They are manu 
factured with either modified brazier or 100° countersunk heads, and are available 
in four diameters— !¢"’, 5/32’, 3/16", and \4”’. Larger rivets having diameters of 
202” and .263” are available in 56S aluminum alloy, and with either modified 
brazier or 100° countersunk heads 


34,600 
33,600 


49,200 


46,100 


AIRCRAFT RIVETS — Du Pont Aircraft Explosive Rivets are made with either modi- 
fied brazier or 100° countersunk heads in two aluminum alloys. 17S-T and 56S 
They are alodized to meet the noncorrosion requirements of military specifica- 
tions. Four diameters are available: .134’’, .171", .202” and .263”"’. These rivets 
are manufactured to conform to the new military specifications, MIL-R-7885, 
which cover all military applications 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


BEFORE AFTER 


Du Pont Aircraft Explosive Rivets are similar in 
design and construction to those produced strictly 
for industrial uses. They perform in the some 
manner and help solve many of the design prob- 
lems encountered by design engineers becouse 
1. They provide a quicker, simpler method of 
fastening airplane sections that can be fastened 
from one side only. 2. They facilitate the design 
of new ultra-high-speed aircraft, as they can be 
used where space limitations are severe. Millions 
of Du Pont Explosive Rivets have been and are 
being used to simplify awkward riveting prob- 
lems in aircraft design and construction. 


BEFORE AFTER 


All types of 56S Rivets are manufactured in 
the Blast-free (noiseless) type. When required in 
sufficient quantity, Du Pont Blast-free Explosive 
Rivets can be furnished in nonstondard dimen- 
sions or in metals other than those listed. Where 
extra strength is desired, rivets with aircraft alloys 
and dimensions can be furnished for industrial 
use, and Du Pont Rivets of special alloys are also 
available for high-temperature applications. 

Du Pont Explosive Rivets are the practical 
answer to many difficult fastening problems found 
in industry, aviation and automotive repair. 


For additional informa- 
tion about Du Pont Ex 
plosive Rivets send for 
your copy of the booklet 
‘Du Pont Explosive Riv 
ets or contact your near 
est Du Pont Refinish Serv 
iceWarehouse.E |.duPont 
de Nemours & Co. (inc.) 
Explosives Department 
Wilmington 98, Delaware 


ro- 
y 
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Heli-Coil* Screw Thread Inserts Are Your Answer To Almost Every Threaded Fastening Problem — 
Here’s How They Enable You To Improve Product Design And Cut Costs — 


Use Heli-Coil Inserts, and you get unparalleled 
strength in threaded assemblies. 


Use Heli-Coil Inserts, and you can use fewer, 
smaller, shorter screws, bolts or studs, smaller 
bosses or flanges. 


Use Heli-Coil Inserts, and you have permanent 
thread life — positive protection against stripping, 


Vv 


ibration and wear. 


Use Heli-Coil Inserts, and your threads are for- 
ever free from galling or seizure, unaffected by 
corrosion. 





HERE ARE THE FACTS 


What HELI-COIL Inserts ARE — Precision-formed coils of stainless 
steel or phosphor bronze wire having a diamond-shaped cross- 
section. They line the tapped hole and present a strong, accurate, 
standard internal thread to the screw or stud. Heli-Coil Inserts 
are made for Class 2, 3, 2B or 3B applications in National or 
Unified threads, for automotive and aviation spark plug threads, 
and for straight and taper pipe threads. 

Where To USE THEM— Most importantly, wherever threaded fas- 
tenings are necessary in relatively soft materials — aluminum, 
magnesium, wood, plastics. 

Whenever screws must frequently be removed or replaced. 
Wherever there is any danger of thread failure due to stress, 
vibration, fatigue, corrosion or wear. 


Wherever you want to increase strength of fastening without 
increasing weight or bulk. 

HOW You Install Them — It’s easy. Drill the hole. Tap it with a 
Heli-Coil tap. Then wind the insert into the hole with a hand 
or power inserting tool. 


What HELI-COIL Inserts mean 
to the Design Engineer 


You can use shorter, less bulky thread engagements, conse- 
quently lighter bosses and smaller flanges. You can eliminate 
costly solid bushings. No staking is required. You eliminate 
secondary machining operations. Often you can use cap screws 
in place of stud- or bolt-and-nut assemblies. 


Heli-Coil Inserts require much less space than other types of 
bushings. They are up to 75% lighter in weight than solid bush- 
ings. They assure added strength for any tapped thread, even 
in short thread engagements. You eliminate thread wear 
minimize fatigue. 

These proven, precision inserts offer you a world of possibilities 
for product improvement at low cost. 


SALVAGE AND REPAIR 


Threads improperly tapped on production lines can be repaired 
quickly and inexpensively simply by re-drilling, tapping and 
winding in Heli-Coil Inserts providing a better-than-original 
thread of original thread size. Thus, for a few cents, costly 
material is salvaged without interruption to production; no 
need for over-size studs or cap screws. Threads stripped or worr: 
in the field can be repaired quickly and easily the same way. 


— 





Be 


2 


3. 


EXAMPLES OF SUCCESSFUL PRODUCT 
IMPROVEMENT WITH HELI-CO/L INSERTS 


INGERSOLL-RAND: 

Improved its Impactool with Heli-Coil In- 
serts in the aluminum housing which is 
subject to severe vibration. In addition, 
the housing was lightened, seizing and 
galling were eliminated. 


AIR REDUCTION CO.: 

Improved an arc welder design with 
Heli-Coil Inserts, using them to protect 
tapped threads in plastic and also 

to lock a bushing in place. 


AJAX ENGINEERING CO.: 
Overcame thread corrosion due to heat 
and magnetic influences in induction 
furnaces by using Heli-Coil Inserts. 


U.S. PLYWOOD: 

Increased wear resistance and 
obtained higher loading strengths 
by using Heli-Coil Inserts 

in arctic huts. 



































3 Ways to get started with... 
HELI-COIL INSERTS 


Ask your Heli-Coil Engineering Representative to discuss the 
use of Heli-Coil Inserts to improve product design. There's no 
obligation. 

Send for your free copy of Heli-Coil Catalog 

* No. 652. Contains design data, specifications, 

facts on Heli-Coil Inserts, Taps, Inserting Tools 

and gages, sizes and classes of fit. 

Get on the list for “Heli-Call”— a bimonthly re- 

view of case histories—shows and tells you 

who uses Heli-Coil Inserts — and why. 


HELI-COIL «> CORPORATION 


Reg. U.S. Pat. Off. 
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996 SHELTER ROCK LANE, DANBURY, CONN. 
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B. F. Goodrich RIV 


tubular post, make weather-tight seal! 
© 


O PROVIDE a neat, tight seal for airplane windows, 
‘aon needed a simple, one-piece fastener—a 
blind rivet and nut plate combined. They found the 
ideal answer in a spacer-head B. F. Goodrich Rivnut. 


With the easy-to-use heading tool, one man quickly 
upset the Rivnut, securely riveted plate “A” to tubular 
center post “B”. The firm bulge formed in the Rivnut 
shank conformed to the curvature of the tube. The 
Rivnut head served as a spacer for transparent plastic 
sheets “E”. Screw “D” was then threaded into the 
clean, still-intact Rivnut threads to hold clamp strip 

C” and plastic sheets in place. 

Besides providing a tight, dependable seal, Rivauts 
saved many man-hours on this job. If you're looking 
for a fastener which can improve your product and cut 
production time, why not get the facts from a Rivnut 
Write The B. F. Goodrich Company, 
Akron, Ohio. 


engineer? 
Department HD-4 






NUTS fasten plastic to 





SHBLLMS 








1 | 























Rivnuts provide at least 6 clean 
threads in one simple operation 





Compare these 4 methods of putting 
! screw threads in thin sheet metal 


















Ey 








1 Rivnut is threaded onto 
pull-up stud of a manual 
or pneumatic heading tool. 











2 Rivnut is inserted—head 
firmly against work —tool 
at right angles to work 


Tapped—2 threads 





Pierced and tapped— 
3 threads 









3 Tool lever operates pull- 
up stud, forming a bulge 
in the Rivnut shank 











>, 
ie 
a) 


4 after upset, Rivnut threads 


ore still clean and intact, 
ready for screw attachment. 














Projection welded — 
4 threads 








Rivnut—at least 6 threads 
















B.E Goodrich 
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RIVNUTS 


The only one-piece blind rivet with threads 







SEND NOW 
FOR FREE RIVNUT 
DEMONSTRATOR 


Shows with motion how Riv- 
nuts work. Explains construc- 
tion, gives proved applications. 
Write to The B. F. Goodrich 
Co., Dept. HD-4, Akron,Ohio. 






























For the Production Engineers Notebook — 


Product engineers, even the geniuses among them, find that 


the formula, “1°% inspiration, 997) perspiration, * pretty 


regularly applies. 
Perspiration in design is brought about by the inevitable 


conflict between operating function—how well the part will 


ldeas 
for Welded 
Design 


do its job—and such other important factors as sales appeal, 
serviceability, and manufacturing methods. 

What we are all striving for is to apply welding most eco- 
nomically. We in LinpE stand ready to help the product 
engineer in the applications of welding methods wherever we 
can. Sometimes economies in production come from a sub- 
stitution of welding for more expensive methods, but often 
just a small change in design or practice reduces the cost of 


present welding operations. 





Pointers on welding processes leading 
to production economies. 


Pointers on welded design leading to 
production economies. 


Heuarc welding: used for most metals 


Use the process that gives the greatest total 
argon protects weld puddle. Minimizes clean- 


economy. 
Design for down-hand welding where pos- 


sible. But locate welds so as to minimize 


ing and finishing costs. Manual, mechanized. 
and semiautomatic welding. Latter ideal for 


handling. work on sheet materials with irregular contour. 
















Mechanize welding. Weld as many joints 





simultaneously as possible. 


Make minimum dimension changes when 






making different sized models. 





Sigma welding: consumable electrode sup- 
plied as continuous coil of wire. Makes clean, 
smooth welds in practically all commercial 


metals at high rates of deposition, low costs, 
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Reduce the number of parts. But sometimes and high weld zone cooling rates. 


Unionmett welding: high speed process for 
making deep-penetrated welds—butt, tee, lap 


it is better to increase the number of parts 
and cut rejects in intricate castings or form- 
ings by welding together simple forms. fillets, plug—in most ferrous and non-ferrous 
metals. Usually mechanized, but also applic- 


able by hand with flexible welder. 


Use standard shapes and easily formed 


sections. 


Take advantage of other economies that are inherent in such oxy-acetylene processes as flame- 
cutting, welding, surfacing, hardening. For more information on any of these processes call or 


write the nearest LINDE office today. 


* "Genius is 1°) inspiration and 99% perspiration,” credited in GOLDEN BOOK, April, 1931, 


to a newspaper interview with Thomas A. Edison. 








LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carb 
30 E. 42nd St., New York 7, N.Y. 


on Corporation 
[TTS Offices in Other Princi 

Principal Citie 
| g 
m Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


he terms “Heliarc” and “Uni m 
T Heliarc” and “Union elt” are registered trade-mark 
-marks 
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How Admiral freezes rising costs = 


saves $15,630 with Townsend Fasteners 


Efficient planning all along Admiral 
production lines right down to the 
shipping platform brings you excel- 
lent values in home appliances and 
other Admiral products at the lowest 
possible costs. No detail is too small 
—no part too insignificant to come 
under the scrutiny of their engineers 
who constantly seek ways to improve 
their products. 

Take the big Admiral two-door 
Dual-Temp home freezer-refrigera- 
tor, for example. The six bolts that 
hold it to the shipping crate could 
seem to be unimportant. Yet, a 
Townsend engineer found that by the 
Townsend method of producing these 
fasteners, Admiral could save $13.37 


T 


THE FASTENING AUTHORITY —Experience: over 137 yeors—Capacity: sixty-million parts daily 


per thousand on one and $6.34 per 
thousand on the other bolt. The total 
annual cost reduction of about 
$15,630 presents a definite oppor- 
tunity to put greater value in the 
refrigerator without increasing the 
price to the consumer. Such savings 
are not unusual with Townsend’s 
fasteners and parts. 

In today’s competitive markets, 
many industries rely upon Townsend 
as “The Fastening Authority” to help 
improve products, reduce unit and 
assembly costs. Every day Townsend 
engineers work with manufacturers 
of appliances, radio and television 
receivers, automobiles, aircraft, elec- 
trical equipment, farm implements, 


Sales Offices in Principal Cities 


Cherry Rivet Division + Santa Ana, California 


railroad rolling stock—even toys. In 
fact, Townsend serves every industry 
that needs to fasten materials to- 
gether quickly — economically 
permanently. 

With a background of 137 years 
of cold-forming experience—with 
the capacity to produce sixty-million 
parts every day—with more than ten 
thousand standard and special items 
to choose from—Townsend engi- 
neers give you the most unbiased 
recommendations. Ask to have one 
call and discuss your fastening prob- 
lems—or, send us samples and 
sketches of parts you want improved 
at substantial savings. We will give 
you estimates without obligation 


wnsend 


COMPANY - ESTABLISHED 1816 


NEW BRIGHTON, PENNSYLVANIA 


Products: over ten-thousand types of solid 


rivets—cold-headed parts—Cherry Blind Rivets—Twinfast Screws—self-tapping screws—tubviar rivets —locknuts— special nails— formed wire ports 


Plants: New Brighton, Pennsylvanico 


Chicago, Illinois—Plymouth, Michigan—Santa Ana Colifornia. 


In Canada: Parmenter & Bulloch Manufacturing Company, Ltd., Gananoque, Ontario 
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Time—because local UNBRAKO distributor 
carries a complete stock of these close tolerance 
prompt. 
because it is possible in many cases to drill and tap 


your 


fasteners, and deliveries are 


You'll save time and 
money 


Money 


b usin fewer holes, use fewer screws, when you fasten 
y g assemblies with UNBRAKOs. Ask your local UNBRAKO 
distributor for your copy of UNBRAKO Standards. 


STANDARD Pressep Steet Co., Box 954, Jenkintown, Pa. 


UNBRAKO SOCKET SCREW DIVISION 
JENKINTOWN, PENNSYLVANIA 


KO 


SOCKET HEAD 
CAP SCREWS 


f 


Wut 


SELF-LOCKING 
SOCKET SET 
SCREWS 


\ 


peer 


(i 


FLAT HEAD 
SOCKET CAP 
SCREWS 


DRYSEAL- THREAD 
PRESSURE PLUGS 


¢ 


AN\\\\\\\\ 


MYM 


BUTTON HEAD 
SOCKET SCREWS 


Knurled head for sure finger 
grip and fast assembly 

Accurate hex socket for posi- 
tive nonslip internal wrenching 


Heat treated alloy steel, con- 


Knurled cup point, for posi- 
tive self-locking, won't work 
loose 


Accurate hex socket for non- 
slip internal wrenching 


Designed for flush head 
assembly of thin 
materials 


section 


Heat treated alloy steel for 
strength 

Uniform 82° angle under head 
for maximum contact 


Fully formed threads for posi- 
tive sealing without compound 
Heat treated alloy steel for 
Sstrengt! 

Continuous grain structure for 
stronger threads 


Designed for applications 
where countersinking is not 
practicable 


e Heat treated alloy steel for 


strength 
Low head height for stream- 
lining designs 





SHOULDER SCREWS 
OR STRIPPER BOLTS 


PRECISION GROUND 
DOWEL PINS 


Heat treated alloy steel for 
strengt! 

Knurled head for sure finger 
grip and fast assembly 
Accurate hex socket for posi- 
tive internal wrenching 
Shoulders held to unusually 
fine tolerances for close fit 


Formed ends, with continuous 
grain flow, won't chip 
Surface hardness, Rockwell 
“CC” Scale: 60-62 
Surface finish: 6 
maximum 

Core hardness, Rockwell “*C 
Scale: 50-54 


microinch 
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trolled fillet and continuous 
grain flow for strength 
Fully formed threads—Class 
3 fit 


Standard sizes—=4 to 1 


Fully formed threads—Class 
3 fit 

Heat treated 
for strength 


alloy steel 


Standard sizes 4to!l 


Accurate hex socket for posi- 


tive, nonslip‘nternal wrenching 


Fully formed threads—Class 


. 
35 fit 


Standard sizes 


Controlled chamfer for faster 
Starting of threads 

Accurate hex socket for non- 
slip internal wrenching 
Standard sizes to 14 
National Pipe Thread Fuel 


Accurate hex socket for non- 
slip drive and freedom from 
marred or mutilated 
Fully 


> 
5 fit 


heads 


formed threads—Class 


Standard sizes—#8 
, inclusive 


through 


Threads and head concentric 
with the body for uniformly 
accurate assembly 

Finished threads close to the 
shoulder for hold ng power 
Fully formed threads—Class 
3 fit 


Standard sizes—!, to 


Average single shear strength 
150,000 psi 


Diameter tolerance : +-0.0001 


standards—blue label pins 
0002’’oversize tomeet nominal 
press fit requirements; red 
label pins .0O1’’ oversize for 
use as repair pins 





A rotor with three precious metal caps to act as contacts was 
needed by a leading automotive manufacturer for use in a 
special switch. Soldered-on caps were soft and expensive. 
Rivets might work loose. 


As an ideal solution, Makepeace created and patented this 
new insert material, “SPOT-LAY.” It consists of precious metal 
slugs brazed into strip stock and positioned to form the desired 
part. The precious contact material is only where it is wanted, 
firm and secure for blanking and forming. And... of great 


importance ... it is hard and wear-resistant due to cold 


working. 


This new material is particularly adapted to rotors in switches 
and small bridge contacts . . . any formed part embodying two 
or more contact points. 


For better performance and lower unit cost, design your next 


switch to make use of this new material. Our own staff of 
Your inquiries are cordially in- 


thoroughly experienced engineers and metallurgists are at your 


vited and will receive our prompt service to assist in working out your particular problem. 


and interested attention. 
*Patented 


D. E. MAKEPEACE COMPANY 
DIVISION OF 
UNION PLATE AND WIRE COMPANY 
Laminated and Solid Precious Metals * Base Metal Tubing drawn 
to Special Tolerances * Precision Sendzimir Sheet Metal Rolling * 
Contact Parts and Materials — Electronic Assemblies * Silver Solders . 


MAIN OFFICE AND PLANT, ATTLEBORO, MASSACHUSETTS 
SALES OFFICES: NEW YORK, CHICAGO, LOS ANGELES, COLUMBUS, ©. 
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Tailor-Made Fasteners in Volume Quantities 


‘ MINIATURE BATTERY 

M 
; fae) iimael 7 FEMALE ANODE 
. 2p F eee a ee CONNECTORS 


; Ww thw 


VIBRATOR GROUNDING e 
FASTENERS 


no chippage 


iL teller Weel So aici as 
PLUG BUTTONS 


et Eielae tt tai, 


TUBING AND WIRING 
CLIPS 


under extreme 


Made in hundreds o 


TRIMOUNT STUDS . 


UNITED-CARR 


FASTENER CORP. crowed * 
: a= . 
CAMBRIDGE 42, MASSACHUSETTS special ne 
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PROGRESSIVE'S EXCLUSIVE 

NYLON GUIDE 

@ Constant guide and support 
ae Ld 

@ Self-insulating 

@ Resists weld spatter 


@ No lubrication required 


Both Progressive guns in the above illustration have the same 
chassis—the difference is in the interchangeable cylinders, 
jaw extensions, electrode adapters, and tips. 


Using Progressive’s original Standardized Chassis and inter- 
changeable parts, job-specialized portable welding guns can 
be made for a fraction of the cost of specially-designed guns. 


Progressive has more portable guns in use than all other manu- 

facturers combined. For information on any type of Special or 
eet Me Standard Portable Gun—write to Progressive 
$ % in care of Department G. 


The PROGRESSIVE //éz 


3070 E-OUTER DRIVE + DETROIT 34, MICHIGAN 


Group of special jaw 
designs demonstrat- 
ing wide versatility of 
Progressive Welding 
Guns. 
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National Machine Products Company 


Hexagon Nuts of AU Kinds 


The ‘Mardden’’ Nut is a one-piece, free-spinning reusable nut which locks 
itself when tightened. The upper portion of the nut is slotted forming six 
threaded segments, and the bottom face is recessed, so that a continuous 

seating surface is provided outside the thread pitch line. 


When the ‘‘Mardden’’ Nut is tightened against an unyield- 
ing seat, the threaded upper segments move radially 
inward causing the nut threads to align themselves 
securely with their complementary bolt 
threads and produce a friction lock. 


WMarsden" 





\\Ciondard"” WS. ) ° hd 


“Standard” nuts Our batteries 
of outstanding of precision 
quality in machines make 
stock to meet your possible fast and 


schedules. accurate production 
of nuts of special 
shapes to your 
specifications. 





“Hugloch"” 


The “Huglock"’ Nut is a one-piece prevailing torque 
type, reusable, self-locking nut. The tapered top portion of 
the nut is slotted to form six threaded segments which are curved 
radially inward to press against the bolt, creating a heavy inward and 
downward pressure producing a friction lock between the load-carrying flanks 
of the nut and bolt threads. This combined metal to metal hugging and locking 
friction is distributed over all the threads enabling the “Huglech"’ to grip the bolt 
firmly until removed with a wrench. 


NATIONAL MACHINE PRODUCTS COMPANY 


44225 UTICA ROAD UTICA 2311 UTICA, MICH. 
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Send for these FREE TEMPLATE CATALOGS 








WESPO TOGGLE CLAMPS in 
sizes and types to suit all needs 


STANDARD ye light, ee _ heavy 
FIXTURE hy a avaiiabie. : LONG LIFE 
earing surfaces composed o 
CLAMPS & HARDENED STEEL BUSHINGS TOGGLE 
d SPIROL PINS eliminate the 
COMPONENTS coat at these vital points, CLAMPS 
CLAMPS — 15 Styles — 119 Sizes giving longer life as well as OVER 35 SIZES 
Over 600 parts easier action. AVAILABLE 


New WESPO LEAF JIG 


SAVES OVER 50% IN DESIGNING TIME AND 
TOOL MAKER’S COSTS FOR CUSTOM BUILT JIGS 















Ready for immediate use for drilling Gu 
tapping and reaming—by merely nesting . 


part and inserting bushings. 


Precision made steel lid and cam— semi- 
steel body — .002 parallelism held be- 
tween lid and machined base. Used in 





any position — top — bottom — 2 sides. 
Install new lid for a different operation. 
11 base sizes — 1%” x 2” to 6” x 6” in 





2 to 3 heights each. Template sheets 


i 
i 
available. Available from factory stock Sead Coupon for Zuich Reply 


or stocking representatives. Write for 
bulletin. 


[ WEST POINT MFG. CO. 
I 26935 W. 7 Mile Rd., Detroit 19, Mich. 
I 


1 NAME 





[) LEAF JIG BULLETIN 





FIRM NAME 


26935 W. 7 Mile Rd., Detroit 19, Michigan 4 Avoress 
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Insuring Your 


PROGRESS 
THROUGH 


to fast, low-cost joining RESEARCH 


This is the process that e door to amazing $peel, re- 
liability and economy j production of metal ags¢nqblies. 





With industry finding it wise 





. and profitable to invest much 
It’s the process thay/ 


: d aes more every year in new product 
1. assures excepyOsfaVjoint strength plus the ductility to jwith- 


ad : ment and research, this 

stand any stre d strains the joined metals will ake. developme d : ‘ 
, sl : recent Product Engineering report, 
2. naturall consistently makes joints that are lig hia and “ : Y P Th h 
gas-tigh high in electrical conductivity, hea transfer a ae ee Tre 
and r ce to corrosion. Research,” takes on particular 

3. JOihythin metals without danger from overheating timeliness and valve. 
kes possible fast, fool-proof metal joining with bpskilled Eight sections make up the re- 
or. 


port, with each section prepared 
5. brings metal joining costs down to surprisingly low) figures. by men who are experts in their 
It's the process that deserves first consideration in th¢ design 
stage because that’s where your product’s quality anfij cbst of 
production are determined. 


LET OUR FIELD ENGINEER HEL 


He will place at your service the maximum technic 
edge about silver alloy brazing and practical experie 
application available today. He'll call entirely withouf obliga- 
tion. Just write and say when, 


FOR THE FACTS IN PRINT 


Bulletin 20 gives the complete EASY-FLO and 
SIL-FOS story plus a lot of valuable information 
about joint design and fast production brazing 
methods. Write for a copy. 


fields. The important aspects of 
establishing and conducting an 















effective research program are 
covered in considerable detail. 
Subjects discussed: 








e Organizing for Industrial Re- 
search 

e Obtaining and Keeping Re- 
search Personnel 

e Policy Matters in Laboratory 
Design 

e Choosing and Evaluating Re- 
search Budgets 


e Patent Licensing Policy and 
Procedures 


e Independent Research Facili- 
ties 





i Wie 3 e Government Research Data 
TYPIFYING ? 
SiL-FOS siulieiiien tecake te tas tees = Thirty pages 50 cents a copy 


Write: 


1 
| 
| 
E 


all. 
NOT LIMITED TO NEW DESIGNS Recder Service Dept. 


by 

redesigned for EASY-FLO and SIL-FOS brazing’s 

cast and forged parts have been changed to 

EASY-FLO and SiL-FOS brazed assemblies of stamp- 


ns andl sre mains pes Engineering 








FFICES ond PLANTS McGraw-Hill Building 
HANDY & HARMAN on New York 36, N. Y. 
General Offices: 82 Fulton S$t., New York 38, N.Y. ss aenbeaen es 
DISTRIBUTORS IN PRINCIPAL CITIES plies Goce 
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ew lrterature 


now available 


3M ADHESIVES, COATINGS AND SEALERS 
CLASSIFIED BY OFFICIAL U. S. GOVERN 
MENT SPECIFICATIONS A handy 1ex 


We have prepared new technical information for the many designers and 
engineers who are using 3M adhesive products for the first time. 

The expanded use of our products on defense work coupled with 

the introduction of new items for general industry . . . makes this a good 
time to check your files. Make sure your adhesive products 

information is both current and adequate. 


When you specify a 3M adhesive, coating or sealer you know you're 
getting material that has been thoroughly checked in our quality 
control labs. 3M products meet the rigid requirements that will deliver 
3M ADHESIVES, COATINGS AND SEALERS top-notch, trouble-free results on your production line. 

DATA BOOK A age book t 


v Send for one or more of these FREE booklets today! 


ADHESIVES 
COATINGS 
SEALERS 








3M AIRCRAFT PRODUCTS BOOK New a 


. 


MINNESOTA MINING AND MANUFACTURING COMPANY 


ADHESIVES AND COATINGS DIVISION . 417 PIQUETTE AVE., DETROIT 2, MICH. 


GENERAL SALES OFFICES: ST. PAUL 6, MINN. e EXPORT; 122 E. 42 ST. N. Y.17,N.Y. e CANADA; LONDON, ONT 
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WHAT IS A 


“BLIND RIVET? 


It is a type of fastener used to rivet together two or 


more pieces of material when access to the work is possible 
from only one side. 

But SOUTHCO “Blind” Drive Rivets do much more 
than that. They provide maximum strength and reduce pro- 
duction costs. For installation you just hit the pin. . . and the 
rivet is in. At the same time, a powerful pull-up force is 
exerted to produce the kind of a tight joint you get when a 
rivet is bucked from both sides. 

There is no finishing operation required with SOUTHCO 
Rivets, no wasted material, no noise, no special tools to buy 


or maintain. Fastening metal parts is as simple as driving a nail 


FOR EITHER BLIND OR ACCESS APPLICATIONS 


Even when there is access to both sides, SOUTHCO 
Drive Rivets are specified because they make a one-man job 
of a two-man operation. They are so simple that costs are 
reduced through faster riveting 

For the full story on SOUTHCO Drive Rivets, write 
to Southco Division, South Chester Corporation, 1406 


Finance Building, Philadelphia 2, Penna 










©1953 

Pat. No. 2640618 
Other Pats. Pend 
Rivet and Mfg 


hs ger OF wor ae 





P ¥ 
eile 


OFFICES 





PAWL, SCREW AND SPRING - DRIVE RIVETS 
ANCHOR NUTS - ENGINEERED SPECIALTIES 


goer 
“ 
ad 
7 
4 
4 


/ 


a 


wherever twoor | 


-——— — . 


~ 
“ 
‘\ 


\ 
\ 


Pa more parts are / 


! 
! 
i 
! 
\ 
\ 
\ 
\ 
\ » 
\ 
\ 
i ee { 
improve 
performance 
lower 


production costs 


} * can lower manufactur- 


ing costs expedite DO 
contracts simplify and 
speed assembly operations with 
Southco Fasteners. 


There are many types to choose 
from—each highly developed 
to lower production costs and 
improve fastener performance. 
If a special fastener is required, 
Southco engineers can assist 
you with the design. 


} For Blind Riveting. Tight, 
strong, with unbelievable 
pull-up—as fast as nailing. 


2) Fastenings for Occasional 
Removal. One size fits 
many thic knesses. Never too 
tight or too loose. 


» Fasteners for Frequent 
Opening. One size meets 
most requirements. Auto- 
matically adjusting to as- 
sure a tight fit. 


» Light Door Latches. ‘Top 
quality for low budget ap- 
plications. Only two parts. 


» Spring Retainers for 
Doors. Hold hinged access 
covers firmly open, tightly 
closed. Simple. Rugged. 
Smooth action. 


d Fasteners for Secure An- 
chorage. For attaching 
parts to wood, plywood, or 
metal-faced plywood with- 
out disfiguring the surface. 
One piece. Easily installed. 


Inquiries invited. Write South- 
co Div., South Chester Corp., 
1406 Finance Bldg., Philadel- 
phia 2, Pa. 

















1. BLIND RIVETS 











2. SCREW FASTENERS 


3. ADJUSTABLE PAWL FASTENERS 





6. ANCHOR NUTS | 





IN PRINCIPAL CITIES 


WHEREVER TWO OR MORE PARTS ARE FASTENED TOGETHER; STANDARD AND SPECIAL DESIGNS FOR IMPROVED PERFORMANCE AND LOWER PRODUCTION COSTS 


Gs4 
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Republic Upson ‘Nylok’ Nuts 


It’s easy to start a Republic Upson “Nylok*” nylon plug in the side makes the nut hold tight. 


Nut... either end is “up”... mo special tools 


And when it’s time to remove a Republic 
-.- mo special techniques. Upson “Nylok*” Nut, just back it off. The 
Wherever you stop wrenching, that’s where the nylon plug can’t gall, can’t rust. Best of all, the 
nut stays... even under severe vibration. The nut is ready to re-use... 


12 WAYS BETTER 


SIZES Assemble from either end No special tools 
: P " _— Can be re-used One piece 
Light series tapped 44” thru % Non-galling Ideal for mechanical feeding 
Light thick series tapped 4” thru 1” Best wrenching characteristics No lubricant needed 
Regular sizes tapped 4” thru 1)” Won't damage threads Cold-forged 
Heavy series tapped 4” thru 12” No special know-how Lock in any position 


Write for samples ... tell us sizes you use. 


a) 


REPUBLIC STEEL CORPORATION 
Bolt and Nut Division + CLEVELAND 13, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


* 


ae 


2 
Ss 





ane ay 
\ 


Beas 


Here’s how the “Nylok” principle works 
A nylon plug inserted in one of the sides of 
the cold-forged nut forces the nut tight against 
l the opposite threads as the nut is turned on. 


BOLTS AND NUTS 


*U.S. Pat. Nos. 2,462,603 and 2,450,694 
and pending applications. 
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Nutt-Shel 


MA 


SELF-LOCKING ANCHOR NUTS 
BOLT AND NUT RETAINERS 


ANNOUNCING 


that we now manufacture and sell 


hy Coed 


—formerly marketed by 
Shakeproof Division of 
Iinois Tool Works 


Now, more than ever, you can 

make Set Screw & fg. Co. 

your No. 1 source of supply for 

self-locking set screws. The re- 

cent addition of Offset Type Self- 

Locking Set Screws to our own 

widely successful ZIP-GRIP* 

and NU-CUP Self-Locking 

designs gives you a complete 

Self-Locking Set Screw range 

for solving vibration problems. 

Setko Offset Self-Locking Set 

. Screws are particularly suited 

for applications in which slotted screws are required. 

Their locking action results from cas or offset- 

ting the sections on both sides, parallel with slot. 

Write for new catalog sheet on Setko Offset Self- 
Locking Set Screws. 

Pend 


iy ae? 
@P ror FREE CATALOG 


Crew ° oo" 
a R4fg.co. 
153 Main St., Bartlett, lil. (Chicago suburb) 
We Specialize in Solving Puzzling Set Screw Problems 








In this application, our customer had been using 
three separate parts, making installation costly 
and difficult; removal was impossible. We designed 
an inseparable, floating nut assembly. It can be 
installed easily, or removed quickly. Result: 
sharply reduced costs. 


SHARE YOUR FASTENING PROBLEMS 
WITH OUR ENGINEERING STAFF 


Our 10 years experience, devoted exclu- 
sively to the design and development of 
specialized fasteners, enables us to help 
you. Consultation, especially in the design 
stage, will result in a cheaper, more effi- 
cient fastener for your product. Write today 


to NUTT-SHEL Co. Inc., Dept. PE, 811 Airway, 
Glendale 1, California. 


REYNOLDS ALUMINUM HANDBOOKS 
on 


DESIGN and FABRICATION 


a) REyHOGRD WETRGD ComPaET 
REVWOLDS METALS COMPANY |" - 


FASTENING METHODS FOR WELDING ALUMINUM—Gives 
ALUMINUM—Offers  informo complete information on ail 
tion on mechanical joining and types of welding as applied 
fastening methods, and the to aluminum 


advantages of each 


+ 
F we i @ Single copies of these and other valuable 


handbooks are free when requested on business letter- 
head. Otherwise the price of each book is one dollor. 
For a complete listing of handbooks in the Reynolds Library 
on Aluminum Design and Fabrication, see Reynolds green 
insert Section B. 


REYNOLDS METALS COMPANY 
2598 South Third Street, Lovisville 1, Kentucky 


REYNOLDS @& ALUMINUM 


MODERN DESIGN HAS ALUMINUM IN MIND 








Product Engineering — 1954 Annual Handbook 














FASTENER COMPARISON 


Product 
Engineering 


Readers 


Asked to Compare 
Difference Between 
Punched and Turned Nuts 








Comparison of 
Unretouched Photos 


Note the visual differences be- 
tween Photo A, an ordinary 
punched nut and Photo B, a 
turned nut made by the Fischer 
Special Mfg. Co. Which one 
would you prefer to use on your 
products? Now, consider this 
a 


The Difference is 
PRECISION . . . NOT PRICE! 


By specifying and ordering 
Fischer Turned Brass Nuts you 
make a definite product improve- 
ment plus a double-barreled cost 
reduction. Check the features 
listed on the right . . . see if you 
don’t agree that these Fischer 
Features mean a better built 
product with lower assembly 
costs, lower rejection costs. For 
proof of Fischer lower price 
promise contact the Cincinnati 
plant or your nearby Fischer rep- 
resentative. Listings are located 
in Sweets Product Design File 
and in the Free Fischer Catalog. 
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STYLES ALWAYS AVAILABLE ). 











HEXAGON BRASS 
MACHINE SCREW NUTS 
Single and Double 
Chomfered 


Fennec,” 


RASS MOTS 


cost the same or less than 
ordinary punched nuts 


Good news for cost-conscious design, engineering and 
purchasing executives. Now! You can get all the 
product-improving, cost reducing features of precision 
made “Fischer Turned” Brass Nuts for the same price 
or less than common punched nuts. Here is your 
opportunity to build a better product at lower cost. 
We'll be glad to prove our precision with samples, and 
our prices with quotations. Send the Coupon or request 
on your letterhead. 


AMERICAN STANDARD 
HEXAGON BRASS NUTS 


Full and Jom 


KNURLED BRASS 
THUMB NUTS 


** Peo 


HEXAGON BRASS 
ee 
CAP NUTS 



















Class 2 
Threads 


75°, full 
threads 
tapped 
through at 
90° to face 


Galling and seizing in high-cycle wrenching eliminated. 








For extra strength and full purchase of nut seat. 








Counter-sunk 








both sides. For quicker assembly and protection of threads on both sides. 
No Burrs 

Degreased Clean, ready for use! 

Extreme Meets or exceeds AN 340, 341, 345 specifications. 


FISCHER SPECIAL MFG. CO. a, 
446 Morgan St., Cincinnati 6, Ohio 
Tel. WOodburn 1280 
Please send samples of nuts in these sizes 
and prices based on 
quantity of 


ADDRESS | 


CITY i ; TONE STATE 


TITLE 
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for the finest in 


STAINLESS 


STEEL 
FASTENERS 


MADE RIGHT — 


By specialists in stainless steel 
since 1929 


PRICED RIGHT — 


Because ALLMETAL uses mod- 
ern equipment—including cold- 
heading machines—devoted 
solely to stainless 


RIGHT COMBINATION 


For solving fastening problems 
quickly, economically. 


" Allmetal has the fasteners you 
want. Stock items, including 
Government and “AN” specs, 
shipped immediately. Prompt 
delivery on various types of 
Phillips Recessed Head screws 
and specials. Switch to All- 
metal Stainless Fasteners when 
you switch to Stainless! 


Use our “Rush Order” 
direct wire service — Send 
telegrams to “‘Allmetal 
Screw Products — WUX — 
Garden City, New York.” 
—that’s all 


less? 























| WRITE FOR CATALOG 53F 
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MANUFACTURERS SINCE 


1929 





Pa 
~ 
Cc 


821 STEWART AVE., GARDEN CITY, L.I., N.Y. 












This 
HANDBOOK 
Supplements 
Last Year's 


This edition of the HAND- 
BOOK of Product Design 
adds to the constantly useful 
library of design engineering 
data begun with the publica- 
tion of the HANDBOOK last 


year. 


New editions will not re- 
place previous ones, but will 
supplement them by bringing 
your fund of design engineer- 


ing data right up to date. 


So keep your last year’s 
HANDBOOK along with this 
new issue. You'll continue to 
find it regularly helpful in 
your work. And next Novem- 
ber, you will receive the third 
annual HANDBOOK of Prod- 


uct Design. 
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Sure way to find ‘Lost’ Profit Dollars 





Q «+-@xamine your product 


~\ A through a Tinnerman Fastening Analysis 
1 / 

LWA ¢g @ Protect profit dollars by cutting high 

y assembly costs! You can discover the direct 

route to these savings with a comprehen- 





sive Tinnerman Fastening Analysis. 


To prepare this survey report, Tinnerman engineers 
check every fastening function on your product. Wherever 
your assembly methods can be improved by applying 
the Speep Nut Principle of Spring Tension Fastening, 
detailed data, specifications and application drawings 


are prepared. With more than 8,000 Speep Nut brand 





fasteners to choose from . . . and over 30 years engineered 
fastening experience, it is possible for Tinnerman to make 
many product-improving, profit-saving recommendations. 
Avail yourself of this no-cost, no-obligation service soon. 


Ask your Tinnerman representative for details. 


TINNERMAN 


1954 Annual Handbook 
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fl MORE THAN 800 
<—> 
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The Speen Nut Principle 
of Spring Tension Fastening 


PRE-LOCKED POSITION 
Arched Prongs 


< 3 5 
_ 
= = == 
— — 


if Arched Base \ 


DOUBLE-LOCKED POSITION 


inward Thread Lock 
= 


—_ 


\ 
\ 


/ Arched \ 
Spring Lock 














SPEED NUT 
a revelation of astonish 
to industry: TINNERMAN 
rs, INC.,C Ohio. In 
Dor Hamil 
ton, Ontario. In Great Britain: Simmonds 
Treforest, Wales. /r 
Simmonds, S.A 

Leva (Seine 


Write today for your copy of 
; tories 






savings 
DUC 


ir 
PRO 
Canada 


eveland 
inion Fasteners Ltd 


Aerocessories, Ltd 
France 
rue Henri 


Aerocessoires 
Barbusse 


ois 







SHAPES AND SIZES 



















“Speeds up and simplifies ou: 
product design job... helps u 
make sure our planned 


assembly savings pay off.” 


_— 


P-K CATALOG AND ENGINEERING DATA P-K ENGINEERING STANDARDS BOOK 


: p ‘1 ,P4 
§ : Illustrates and de- eae 
























scribes all P-K prod- fp 
a ucts. Tells “where, Pe A 54-page book 
when, how, and -_ r. . i A 48-page separate of standard 
Etter = why’ P-K Fasteners FP Pp edition of the Self- head and 
se ww AG ore used. Shows —_ | tapping Screw sec- thread dimen- 
er many typical appli- hat St gage ] — _ the General sion drawings 
Secseuinn Gusta cations. Gives all atalog. of P-K Screws, 
needed information other useful 
for selection ond 4 | data. 
application .. . 88 
pages. | 
P-K SCREW SIZE WALL CHART 
P-K SOCKET SCREW BULLETIN POWER DRIVING BULLETIN 
*- - 
ramps | Met wa 
Describes and illus- onal _ enigeeee 
trates the various emnagp TTT TY Tar) one 
basic types of elec- 
A 16-page separate tric, air-operated, ee ee Wall hanger, 
editien of the and impact tools vr i Bad ty 18 x 24", il- 
Socket Screw sec- for driving P-K lustrates in ac- 


— Ss 
7 


Screws, as well as M1 OTT (TVET tual sizes all 
hopper-fed auto- standard P K 
matic driving ma- a ecaincoedenent Self eee 
chines in common —_——= tu TT Screws an 

use. Includes use- other Fasteners. 
ful information on 


tion of the Gen- 
eral Catalog. 














bit and socket mn | 
selection. . ii 
SOCKET SCREW DIMENSION FINDER STAPS FOLDER “HOW TO MAKE PLANNED SAVINGS Ieoie 


PAY OFF” BOOKLET 





Pocket-size plastic slide 
. eae aete eacon 
chart gives essential 


dimensions of all types STAPS 
* 







of P-K Socket Screws 


A 24-page con 
at a glance, including 


i the char- 
Describes the char aucune Gael 


acteristics o 






ba thread length formula. Parker-Kalon STAPS of P fone 

a — and their primary ne Sues = 

: — applications. Shows P av 
— j various forms of ~e. con rel 
. " pre-assembled ne- ocket-size,o 


acked with in 


oprene washers J 
ormation. 


available. 
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Ips u 


Ss BOOK 


page book 
standard 
ad and 
ad dimen- ff 
drawings Ph 
-K Screws, 
er useful 
. 


-HART 


Il hanger, 
x 24, il- 
rates in ac- 
| sizes all 
ndord P-K 
f-tapping 
Trews and 
er Fasteners. 








“HOW TO USE” 


USERS’ GUIDE 


Plastic bound, 
20-page index- 
tabbed 11'/2” x 
?” work-book 
of technical in- 
formation on 
selection and 
application of 
P-K Screws. Has 
hang-up” tab. 
Popular with 
designers, en- 
gineers, and 
draftsmen for 
quick reference. 


BOOKLET 


Pocket-size booklet 
of hole-size recom 
mendations ond 
other application 
information. Useful 
for quick reference 
by assembly super- 
visors 


SAVINGS TroLDERS ON INDIVIDUAL PRODUCTS 





rmotion. 





Screwnails, Ma- 
sonry Nails, and 
other P-K prod- 
ucts and services 
ore described in 
folders which 
point ovt pri- 
mary uses. 








ASSEMBLY PLANNING AIDS Originator and largest producer of 
Self-tapping Screws, and pioneer in the development and improvement 
of other P-K fasteners, Parker-Kalon is a leading authority on assembly 
engineering. Through long experience in working closely with designers, 
product engineers, and others responsible for fastener selection, P-K 
has prepared technical literature exactly keyed to your needs. It is 
published in various forms planned to save reference time, yet provide 
all required information. 


ASSEMBLY ENGINEERING SERVICE Parker-Kalon field represent- 
atives are fully-qualified Assembly Engineers. They can advise you 
how to plan assemblies to save fastening time, add product strength, 
and lower costs. When required, the modern facilities of a completely 
equipped laboratory in the P-K plant are available for testing new 
applications, and detailed reports will be furnished for your guidance. 


Since Parker-Kalon offers a complete line, the P-K Assembly Engi- 
neer’s recommendations for Self-tapping Screw selection are unbiased. 
The P-K method fits the right screw to the job. 


Ask your local P-K Distributor for the P-K literature you need. If 
desired, he’ll arrange for a P-K Assembly Engineer to call. Or write: 
Parker-Kalon Corporation, 200 Varick St., New York 14. 


PARKER-KALON’ 
The Ouiginal SELF-TAPPING SCREWS 
DD PROUT 
olde forge? SOCKET SCREWS 
OTEPY 


AND OTHER FASTENERS 
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SIMPLIFY 
AND ELIMINATE 

WITH KSM 
STUD WELDING 


Time-consuming drilling, 

tapping, grinding and the need for 
elaborate jigs and fixtures can be 
eliminated when stud welding is 
specified for fastening applications. 
Both design and assembly are 
simplified, production is boosted 
while substantial savings in labor 


and material costs are realized 


Stud welding is the efficient, 
fast application for plain studs, 
male or female threaded studs, 

with or without shoulders, 
eye-bolts, J-bolts, pins and a wide 
variety of square, rectangular, 
Straight or bent shapes. Its 
applications are unlimited and have 
been thoroughly proved on 


countless applications 


Studs can be applied at the rate of 
SIX per minute and located within 
tolerances as close as .005 inches 

True 90 degree positioning is 
assured. Weld strength exceeds that 


of the stud and the parent metal. 


Some typical uses of stud welding 
are suggested and types of 

studs available are shown here 
Whether or not your needs are 
illustrated, think in terms of stud 
welding. Investigate what it can do 
for you. Get the complete story 

of KSM engineered benefits 
Write KSM Products, Inc., 
Merchantville 8, N.J. 






































BRACKETS BOILERS 


COVERS 





PIPE BOLTS 


EXTERIOR 
FACINGS 









Catalogs 
and 
Bulletins 















STUD WELDING 


Request additional information using 
postcards following page 24 


(S-1) CLAMP ASSEMBLIES—West 
Point Manufacturing Co. Catalog, 68 
pp. Titled “Clamp Assemblies and 
Fixture Details” it covers nine types ot 
midget clamp assemblies, center nut 
locking assemblies, cam locking asse: 
blies, and acorn nut-center locking 
assemblies. Standard fixture parts 
lude: washers, castings, locating 


; 
keys clamp stops, and other 


S-2) RIVETING HINTS—The H 
Shear Rivet Tool Co., 3rd Edition 


( ompletely illustrated explain ng 
h step, it describes the hi-shear rivet 
} , 


rials used, dimensions, hole pr 


yn riveting gun hints I t 


al, and other informatio: 


S-3) DOT TEENUTS—United-( 
isten r Corp., Catalog E, 16 pp Con 
ns photos, engineering drawings 
complete | specifications for tl 

types or teenuts produ 
vood and metal. For metal, the typ 
ide are: round base, for both weld 


g and riveting; the half-round bas 
projection welding; lug _ typ j 
lal bed base, for welding rectangul I 
ba 1 teenuts for steel tubing ; 
3 
S-4) WASHERS & STAMPINGS . 
Wrought Washer Mfg. Co. Catalog 
16 pp Illustrations and specificatior S 
1 line of washers including: stand 
rd wrought; light steel: SAE; riveting 
tandard carriage; thin steel carrriage 
hinery bushing; malleabl 
AN: spring lock; countersunk hollow 
nish ng and flus; square; with charts 
or determining weight of round steel 
ishers and blanks, and specifications 
ther metals n 
ak | 
—— = = 
S-5) ACME SCREW THREADS . 
ASME, ASA B1. 5-1952, 41 pp. Also it 
Stub Acme Screw Threads, ASA B! rg 
8-1952, 21 pp. Information compiled 
by the Sectional Committee on Stand 
rdization and Unification of Screw 
Threads, B1, and approved by the 
American Standards. Covers the get 
Preduct Engineering — 1954 Annual Handbook 





C40: Sfop nuts EQ e ec 


types of problems 


Here are ten typical fastening problems. One device, the 
ELASTIC STOP nut, solves them all—without additional parts 

or operations. Deliberately undersized in relation to bolt diameter, 
the red elastic collar grips the bolt with a perfect fit, exerting 

a continuing self-locking pressure against the threads, and 

holding the nut securely in place at any point on the bolt. It also ————, 


provides a tight seal against the bolt threads, which prevents 


seepage and wear-producing axial play. And because the bolt threads ———— 
are protected against moisture from without, the nuts are SS 
not “frozen” to the bolt by corrosion. ee 
ELASTIC STOP nuts stay tight, right where you put them, in spite of 

vibration and stress reversals. Yet they are not jammed in place, and can be 
removed with a wrench and reused many times. ——— 


For further information on ESNA self-locking fasteners, 
mail the coupon below. 









































Wherever « vibro- 
THE WORK (.” \} tion or impact proot 
| bolted connection is 

desired. 




















Spring- mounted con- On make-and-break 
adjustment studs 

nut where accurate con- 

be tact gaps cre re- 
quired. 




















“- Te seal bolt Te seal bolt To obtain delicate 
- threads where threads where adjustments for 
- elimination of it is to applications such 
past stud protect them es bearing lock- 

is neces- correding ele- t nuts pre 2 or 

sory. ments. cite me 
essential. . ; 
4 





Dept. N40-112, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 
Please send the following free fastening information 


C) Elastic Stop nut bulletin [] Here is a drawing of our product. What self- 











nq CD Rolipin bulletin locking fastener would you suggest? 
im 
es EE — 
Firm oi a Aste ——- * - — 
A eee es - —_ 
City. Zone Stote 


F 
H 
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HOWTO 


SQUEEZE PENNIES 


OUT OF 


UPSET SPECIALS COSTS 


Specially designed upset products are solv- 
ing thousands of problems. Dozens of design 
pointers on them are yours for the asking. 
Send us your sketches, prints, finished pro- 
ducts for suggestions. 





| 
! Pier ng a flat 
H tened section t 
x | less than drilling 
rounded ooo 
The plane profile 
part can be just 


effective for bar 


wre 




















of this chart are available on 
request for use in drafting and 
purchasing departments. 


QUALITY 
PROMC 


MACHINE SCREWS AND SPECIAL FASTENERS ARE OUR BUSINESS 


rue PROGRESSIVE 


MANUFACTURING COMPANY 


42 NORWOOD ST., TORRINGTON, CONN. 


WRITE FOR 
OUR CATALOG 


Gos 


Vibration-proof Fastening—with 





PALNUT 
LOCK NUTS 


. 
—tost less than plain nuts 
—eliminate lockwashers 
—speed up assembly 
—save space, weight 
—may be re-used 








heck all your light duty nut-and- 
screw assemblies against the 
speed, savings and security of 
double-locking PALNUT Lock 
Nuts. Especially adapted to easy, 
fast power driver assembly of mass- 
produced items. Lock as they 
tighten, stay tight under severest 
vibration. Millions 
used monthly on 
all types of light 

assemblies. 


* For Free Samples, send details of 
assembly, screw size, etc. Ask for 
latest catalog showing complete line, 
uses, etc. 
THE PALNUT CO. 
65A Cordier St., Irvington 11, N. J. 
In Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 











HIGH STRENGTH ADHESIVE 
suited to many hard-to-bond jobs 


Bonding of aluminum to aluminum and joining of 
other hard-to-bond metals is possible with A-6 adhesive 
whic h requires 
only contact pres- 
sure for joining 
and cures at room | 
temperature. It | 
will also bond 
such other rigid 
materials as 
wood. plastics, 
elass and hard 

“4 
rubber to them- 
selves and to each | 
other. ( ing 
takes from 1 to 
36 hours, de pn nd- 
ing upon temper- 
ature applied. Shear tests often exceed 3000 psi at 
room temperature and 2500 psi at elevated tempera- 
tures. Adhesive does not shrink, swell or creep and is 
available in pints, quarts, gallons and 5-gallon quan- 
tities. Trial test kit, including activators, is $1.00 in 
U.S. or Canada. Made by Armstrong Products Co., 
P.O. Box 1-X, Warsaw. Ind. 
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WELDED STEEL DESIGNS 
INCREASE RIGIDITY 
WITHOUT INCREASING COST 


Steel deflects only half as much as 
iron. This means that under equal 
loading, only 50% of the material 
is needed to duplicate stiffness. 


By converting a design to steel 
construction, the alert product de- 
signer can save considerable money 
on material. Steel costs one third as 
much as other materials, so that 
simply changing material (without 
cutting weight) reduces cost 67%. 
If only half the amount of material 
is used as is possible with steel’s 
greater rigidity, the initial material 
saving per pound is doubled. 

THE EXAMPLES BELOW show how 
typical machine components have 
been made more rigid using less 
material and with less manufactur- 
ing cost. Similar results can be dupli- 
cated on your machine designs. A 
Lincoln design specialist will gladly 


show you how. 


Welded Steel Base for honing machine must main- 
tain alignment limits of .0002". Photos courtesy Micro- 
matic Hone Corporation, Detroit, Michigan. 


MAINTAINS PRECISION 
ALIGNMENT WITH WELDED STEEL DESIGN 


Cuts deflection 80% on table for planer 
3 — , = ee Even though weight is reduced from 410 
TURDY, rigid construction needed for precision pounds to 320 pounds, deflection under load 


as cut from .070° te .014 


machine tool alignment limits of .0002” is being 


attained with welded steel on the base shown above. Ke 


S 
’ ~ 4 iit 
And that’s not all. Costs are reduced and manufacture ZA) 


eo 


simplified. These savings account for the trend to welded 
steel construction on many other components on this 


company’s products. 


Machine Design Sheet available to designers and production engineers 
by writing on your letterhead to Dept. 1306 
Alignment to .005” is maintained on this 
TH iz Li NCOLN ELECTRIC COMPANY frame member Squarene ss in machining ss 
held to .0015" in 120” with one rough and 
CLEVELAND 17, OHIO one finished cut. End plate is steel casting 
The World's Largest Manufacturer of Arc Welding Equipment welded to side angle members 
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WHAT'S 
GOING 
TO 


INFLUENCE 


your choice 
of fasteners? 


Speedier assembly 

better appearance fewer 
rejects... . greater strength 
quantity runs? 

Whatever your choice, you will 
benefit by investigating 
THE MILFORD METHOD, 

an integrated service of 
fastener research, design, 
engineering, and production 
collaboration 


Give wings to work 
and rivet-setters identified by 
the flying ‘‘M'’ trade mark 

a symbol of quality for 

quality products of metal, 
leather, cloth, plastic, wood 
and paper. With an eye to 

the future, inquire about 

THE MILFORD METHOD to-day! 


t 


ILFORD RIVET & MACHINE CO. 


A 
eal aaaaa oF ry pa Raph 


——. MILFORD, CONN., 877 Bridgeport Avenue 
(NNT: ym 
=a ——— AURORA, ILL., 830 III. 


—ileaat =, 
eu ieiiiiem ... 


use rivets 


«eT. ere 


HATBORO, PA., 44 
NEW PACIFIC DIVISION PLANT: NORWALK, CALIFORNIA 


Gee 


— 
¢ 


Az 


Platt 


Avenue 


LYRIA, 0.,1124W. River Street 


Street 


Z 
\ 


A 


Yy 


eral purpose and stub Acme threads 
centralization acme threads; gages for 
acme and stub acme threads; tolerances 
and other points. Includes many tables 
and drawings. 


(S-6) FASTENERS Simmons Fas 
tener Corp. Catalog 1252, 36 pp. Larg 
drawings show construction details of 
the many types of fasteners and r 
ceptacles, along with engineering data 
and installation details. Has dimen 
sional drawings and photos of the fol 
lowing fasteners: Spring-Lock; Roto 
Lock; Link-Lock; Quick-Lock; and the 
Dual-Lock 


(S-7) CABLE COMPRESSION 
JOINTS—Thomas & Betts Co., Bulle 
tin 67, 34 pp. Shows the new method 
compression joints for copper and 
aluminum cables. Shown are: the wate: 
seal lugs for small diameter cables; 
terminals for aircraft cables; and oth 
ers. Table shows government stock 
numbers. Hydraulic installing tools 
also covered. 


(S-8) SELF LOCKING NUTS 
Standard Pressed Steel Co. Catalog 
pp. Has complete specifications on 
wide variety of locknuts 
part numbers, dimensions, tensile val 
ues, and materials are listed. May | 
used in temperatures up to 750F. Als 
included are data on external and ir 
ternal wrenching nuts and clinch t 
knuts. Illustrations of all types 


Sizes, fits 


(S-9) EXPANSION JOINTS—Th 
Cook Electric Co. Catalog 51, 2 
Discusses the magnilastic 
oint with engineering drawings 
omplete specifications for 
ipacity expansion joints, made of dit 
rent type metals. Also discusses 
hor joints, large diameter low-pr 
ire expansion joints, swing 
rbo joints, and tells how to detern 
he amount of expansion in a pipe lit 
Installation chart gives hints for gu 
y and anchoring expansion jints 


S-10) PIPE THREAD MANUAI 
Detroit Cap and Tool Co., Booklet 
C-52, 24 pp. Covers complet design 

formation, gaging information 
specifications for the three major stat 

rd pipe thread systems, as well as sp 
ifications for taper and straight pipe 
taps, thread plug and ring gages, and 
plain plug and ring gages. Tables are 
also given for dimensions of American 
straight pipe threads for mechanical 
joints and locknut connections. Toler- 
ance tables for American Standard, dry 
seal taper pipe threads are listed 


(S-11) ELEMENTS OF WELD DI 

SIGN—The Lincoln Electric Co. Bul- 
letin 843B, 17M, 6 pp. Lists steps for 
the designer to follow 


expans ( 


various 


in shaping steel 
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for those 


“HARD-TO-REACH” 
Places! 


PLUG NUTS 


The advantages of Plug Nuts are many-fold. 
Both the designer and the production man will 
find they can solve many special fastening prob- 
lems that cannot be solved in any other way. 

For instance, Plug Nuts are the ideal solution 
to “one way” fastening where it is difficult or im- 
possible to work from both sides of the assembly. 

Plug Nuts can often eliminate or simplify machin- 
ing Operations, improve the product, simplify design 
or reduce assembly, and hence, labor costs. 

If you have an application where you think you 
might use Plug Nuts, send us the size required, or 
details of the application, and we'll be happy to send 


sample nuts for trial. 


For additional detailed information 


send for the Lamson Plug Nut Brochure. 


Pr a 











SEATING PLUG NUT IN HOLE 


PLUG NUT SEATED AND BOLT TIGHTENED DOWN 


PLUG NUT SIZES AND TYPES 

Plug Nuts are available in sizes rang- 

ing from-#4 to ‘2” diameter—fine or 

coarse threads. Plug Nuts work in 
copper, brass, magnesium, aluminum, 
steel, alloy steel castings (die and 
sand) and forgings. 


U. S. PATENT NO. 2490594 


HAVE ONE (or more) ON US! 


Send us the details on any application 
where you think you could use Plug 
Nuts and we'll send you sample nuts 
to try out. No obligation, of course. 





The LAMSON & SESSIONS Co. 
1971 West 85th St. « Cleveland 2, Ohio 


Plants at Cleveland and Kent, Ohio + Birmingham + Chicago 





The facilities of ovr company are at your 


disposal to assist you with any fastener problem. 
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|—is stronger 
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Cleveland 
can help you in 
your special parts 
production 
Write for bulletin 
“Specials by 


Specialists’ 


CLEVELAND 72a FASTENERS 


for low cost. Compares cost of cast 
parts to welded steel parts. Has illus 
trations of different parts that were 
reshaped with reduction in weight and 
increased strength 


(S-12) FASTENING SPECIALTIES 

South Chester Corp. Catalog B-2, 22 
pp. Has information on industrial fas 
teners for metal to metal, and metal 
to wood applications. Blind rivets and 
a variety of door latching and fasten 
ing devices are illustrated. Also has 
engineering installation, dimensional, 
and applicational data 


(S-13) SET SCREWS—Set Screw & 
Mfg. Co. Catalog 16, 22 pp. Discusses 
a line of set screws, illustrating and 
giving complete specifications for each 
type. Those covered are: standard hex 
agon socket; Nu Cup set screws; stand 
ard slotted headless; fluted socket 
hexagon keys; pipe plugs; socket head 
Cap screws; stainless steel set and Cay} 
screws; self-locking set screws; slabbed 
head setscrews: and special products 


(S-14) PARTS FASTENING—Pres 
tole Corp. Bulletin, 8 pp. Describes 
the policy, design, data, proper tool 
selection, punch and die characteristics 
and engineering data on a new method 
of fastening sheet metal parts and 
products 





(S-15) PIPE THREAD SPECIFICA 
TIONS—tThe Eastern Machine Screw 
Corp. Booklet, 6 pp. Entitled, “Ameri 
can National Pipe Threads—Designa 
tions and Differences in Specifications 

it deals not only with different types 
of taper pipe threads, straight pip 
threads and their but also 
gives the proper designation letters by 
which such threads can be specified 
Engineering drawings are included 


purpose S, 


(S-16) ALUMINUM & STEEI 
BONDING—Fairchild Engine & Air 
plane Corp. Bulletin 16 pp. Discusses 
the Al-Fin process for the 
bonding of aluminum to iron and steel 
Increases aluminum usefulness. Covers 


assemblies 


molecular 


heat transfer, bimetalli 
bearings and 
lutches 
(S-17) LOCK NUTS The 
Co. Bulletin 577, 8 pp 
nuts for heavy assemblies and sever: 
vibration. Outlines locking principle 
advantages, applications, assembly 
methods, sizes, materials, finishes and 
other engineering data 


(S-18) NUTS—Grip Nut Co. Book 
let, 8 pp. Complete specifications on 
the hi-nut; pilot weld nut; clinch nut 
countersunk weld nut; a semi-finished 
nut, steel or brass; and a lock nut. Has 
illustrations and engineering drawings 


bushings, brakes and 


and design information 
Palnut 


Describes lock 
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Acme Steel Wire Stitching 
Aids Product Design 


And helps keep Seymour Seedkasters trouble-free! 


The ideal time to improve the 
quality of a new product is in 
the planning stage, and that’s 
exactly what the Seymour Man- 
ufacturing Company, Seymour, 
Indiana, was able to do with the 
Seedkaster, one of the farm im- 
plements in its line. 

Seymour engineers originally 
designed the Seedkaster so that 
the metal base could be crimped 
to hold a canvas bag which can 
hold up to 30 pounds of seed. 

Then somebody suggested 
Acme Steel Stitching as a swift, 
trouble-free method of assem- 
bly. The canvas bag is now held 
by 58 stitches to the 24-gauge 
steel base and the stitching 
takes less than a minute. 

Get full details on how Acme 
Steel Stitching can help you 
make product improvements in 
the planning as well as the pro- 
duction stage. Write Acme Steel 
Products Division, Dept. Pp 54, 
ACME STEEL COMPANY, 2840 
Archer Avenue, Chicago 8, IIl. 


wag 


RIGHT FROM THE START. Engineers designing the Seymour Seedkaster « onsidered 
crimping or riveting the canvas seed bag to the machine but found a faster 
method by using Acme Steel Stitching Wire. 


STITCH IT... STRAP IT... SHIP IT... SAFELY! 
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ONE-PIECE — 
Self-locking 
Bolts and Screws 


— 
= 


Eliminate costly safety wiring, 
lock washers, jam nuts! 


Now you can do a real fastening job, 
put your product together faster, and 
drastically reduce manufacturing and 
maintenance costs. Here’s how: 

No other method equals the Nylok 
principle of locking threads securely in 
any position—seated or unseated. The 
smooth wedging action of the nylon in- 
sert does it! The lock is vibration-proof, 
and the ONE-PIECE construction ends 
laborious fussing with separate auxiliary 
parts, such as safety wiring, lock wash- 
ers or jam nuts. The lock is always there 
—the operator can’t forget to apply it. 
Extra security and ease of service give 
your product enhanced sales value—and 
you save plenty on assembly operations. 

Nylok bolts and screws also provide 
a leakproof seal where liquids are pres- 
ent. They will not mar mating surfaces 
and can be used over and over again, 


IMMEDIATELY AVAILABLE 


SIZES #6 UP: LENGTHS % INCH UP 
t= The = a sows ee 


'NY 


Corporation 
475 Fifth Ave. New York 17, N. Y. 
FACTORY: Elmira Heights, N. Y. 





Please send Bulletin 10 on Self-Locking Bolts 
and Screws. 





$60iticesnensesene ee iecenenantintie 
Compony ee 
Address ——————— —— 
NS Se 


G70 









From Precision 

Instrument Screws 
... to Accurate 

Metal Parts... 


COMPLETE modern plant for design, eet 
development and production of close 
tolerance screw machine products in 
any metal, any shape, any quantity — 
diameters up to 154" o.d. 


— Specialists in fine threads, intricate 


production, precision screws. 


Send blue prints or samples for free 
estimates. 


SERVING 


AMERICAN MANUFACTURERS 
SINCE 1893 





Geared to Industry's 
Production Demands 


MILWAUKEE 
WROT WASHERS 


Offering the most 
complete line of 
washers available 
today...all types 
and sizes, all ma- 


WASHERS 
STAMPINGS 


terials, all finishes. 
More than 25,000 
sets of dies, Let us 
quote on your 


requirements. 


w'T-Y-lticy ba oe 
MANUFACTURING CO. 


The World's Largest Producer of Washers 


2213 S$. BAY_ST.. MILWAUKEE 7, WIS 
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The Sciaky Standard SX Electric Resistance 
Welder equipped as a 36 Gun Unit for welding 
blower housings at the rate of 500 per 50 min- 
ute hour. 


Largest Manufacturers of Electric 
Resistance Welding Machines in the World 
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HIGH PRODUCTION WELDER 


READILY ADAPTABLE TO 


PRODUCTION CHANGES 








New Sciaky Standard Multiple Gun 
Welder Designed for Wide Variety 
of Production Applications 


High production, multiple gun applications no 
longer require uneconomical C-frame type 
electric resistance welding machines with 
special tooling, or complex, specially designed, 
one-job machines. 


Now, Sciaky, pioneers and inventors of 
electric resistance welding machines, offers a 
standard multiple gun welder that can be 
readily adapted for production changes 
within the capacity of the machine. 


The Sciaky SX Welder, a dual platen unit, 
mounts simple superstructure providing for 
different arrangements of standard trans- 


former, booster, and welding electrode units. 


With approved J. I. C. controls, and featuring 
either independent or simultaneous dual 
platen operation, the Sciaky SX Welder 
offers all the advantages of high production, 
precision welding, plus the tremendous 
economies of adaptability to production 


changes. 


For complete information, write for 
Bulletin 313-12 





SS cIAKy 





Plants: Chicago * London * Paris Sales Offices: Chicago, Ill. * Buffalo, N. Y. * Cleveland, Ohio * Dayton, 
Ohio * Detroit, Mich. « Ft. Worth, Texas * Hollywood, Calif. * New York, N.Y. * Philadelphia, Pa. * Washington, D.C. 


Gi 





CW 
HARTWELL 


<= push Button 
yo! Trigger Action 
FLUSH LATCH 





MODEL H-2 


@ A new latch development for modern 
equipment. Combines the desirable features 
of push button operation with the positive 
simplicity of trigger action in a small, rugged, 
lightweight yet inexpensive flush latch. 
Available in many offset combinations 
for various door and frame thickness 
arrangements. Standard with or without 
gaskets in stainless steel or cadmium plated 
cold rolled steel. 


Write for new 1954 Flush Latch Catalog 


HARTWELL 


COMPANY 


Manufacturer of Flush Latches and Hinges, 
Fittings and Cable Terminals 
9035 Venice Boulevard, Los Angeles 34, California 
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any BLIND’ assempues? 








1 
The above typical applicat shows how GRIPCO “¢ 
cessfully used by famous makers Of ranges a 
Vv a | rycrs, retrigerators, treezers, roon ur ¢ iit r c 
example illustrated the GRIPCO Clinch” Nuts serve jual j 
crating, holding the product rigid in its Container during shi} wit 
SSID y t ACK t ul and allowi ea « 
aged while ‘ second, afrer ins 
wht tee re ljustable f« f 
D ive a li which taste f € 
\ {« eed addit i re r apply 
T s? I es c ths 1 of y r GRIPCO i 
( work a Ww 1S € 


Where Welding is Available — You may prefer to use 


GRIPCO Pilot Pro- or GRIPCO Coun- 
jection Weld Nuts K tersink Weld Nuts 





6-Point SECURITY AGAINST FASTENER FAILURE 


eer a — 


GrRiIPCO LOCK NUTS 
i—Firmly lock on to bolt at any position 
2—"Stay put” on bolt, in spite of vibra 
tion, tension, etc 

3—Positive locking action not due to any 
outside devices, but result of simple 
vertical thread deflection 

4—Oil or water do not affect Gripco 
locking action 

5—Can be removed with a wrench and 
reapplied repeatedly without loss of 
locking action 

6—Cost less because of simple design 





and sizes of nuts 4 


GRIP NUT COMPANY 


308-3 S. Michigan Ave., Chicago 4, Ill. 
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Whatever your 


fastening requirements . . . 


PENN ENGINEERING 


has the answer... 








Self Clinching Fasteners... 


Only PEM provides all 
these advantages 


Weld Fasteners... 
Steel or Stainless Steel 


ADD CORROSION RESISTANCE to the 
many advantages you enjoy with 
PEM Weld Fasteners. Now they 


PROVIDE load carrying threads in 
steel, aluminum, copper or brass 
sheet, ““Too Thin to Thread.” 


are also available in Stainless Steel 
@ NO BURNOUTS in thin sheets. En- 
gineered projections prevent them 
@ NO RETAPPING. Shank prevents 
threads from weld splatter. 
@ NO PILOTS or special electrodes. 


@ NO INDEXING. Ideal! for narrow 
flanges. Self locating. 


@ REVERSE side of sheet remains flush 
@ POSITIVE lock prevents turning of 


fastener 


@ FAST, simplified clinching—one or 
several at a time—with standard 


tools. Just squeeze and they're 


locked in 







Write for literature and samples for trial. More 
than 600 leading manufacturers have standardized 
on Penn Engineering fasteners for good reason 
You will find out why. 

Penn Engineering & Manufacturing Corp. 


Doylestown, Pa. 
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Electric Machinery by A. E. Fitz- 
gerald and Charles Kingsley, Jr., 
{ssociate Professors, Massachusetts 
Institute of Technology, 702 pp, 
6x 9 in, Published by McGraw-Hill 
Book Co., Inc., 330 West 42nd St., 


New York 36, N. Y. $8.50. 
Intended for undergraduate machi 
courses in electrical engineering 
+} ‘ ; 


his text presents the theory in a man 
tr which highlights the basic 


, 
s commor 


pril 
1 to all rotating electr 


hines, well as a wide 


variet 
electromechanical energy-conversion 
vices. This basic theory is then ay 
d to d synchronous, polyphas 
lu f single-phase machines 


: 
rether with Ar Rototrols 


{ nplidynes, 
nd Selsyns. Transformers are includ 


1 1 


ise of the similarities in thought 
sses olved in their study. TI 
ends with introductions to 
transients an i to the dyr 
r nat. Ll SYST 


Control of Electric Motors by Pais- 
ley B. Harwood, Vice Pres. in 
Charge of Engineering, Cutler- 
Hammer, Inc., 538 pages, 6 x 9 in. 
Published by John Wiley & Sons. 


Inc.. 440 Fourth Ave., New York 
16, N. Y. $7.50. 
) t I motors 
et ae ee 14 
phases < lustry has expanded so 
l ré elopment of controlling 
1 for these ors has follow 
This book has be n sed 
ided to keep pa with the la 
P i 
| nts and to { sent tl 
late information availabl 
; 
0 st 1 ipt if 


Electrical Reference by E. §. Lin- 
coln, Consulting Engineer, Fellow, 
1JEE, 814 x 11 an. 1744 pages. Pub- 
lished by the Electrical Moderniza- 


tion Bureau, Inc., 110 Mamaroneck 


ive., White Plains, N. Y. $25. 
This 1s th ond edition of a1 
nce book that | roved to be of gre 

practical value to plant electrical eng 
ers, plant maintenance men, electrical 


ontractors, design engineers, and oth 


groups interested in industrial and 
ommercial applications of electri 
power. The book covers all the pr 


G74 


tical aspects—description, ratings, op 
erating principles and functions of all 
types of electrical equipment and meth 
ods utilized industrially. 

The data have been revised and ex 
panded to include the latest informa 
tion on equipment and uses. The in 
formation is clearly and simply pr 
sented by means of text, di 


Lt 
} ind tables 


ipral 


narts 


Electric Control Systems by Rich- 
ard W. Jones, Professor of Electri- 
cal Engineering, Northwestern 
Technological Institute. 511 pages, 
6 x 9 in. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., Neu 
York 16, N. Y. 


A~w =e 


o/./). 

The material covered is as follov 
lynamics of the motor and load, d 
motor characteristics, a-c motor chara 


teristics, electromagnetic contact-mah 
gaseous electronic swit 
electronic 


uts, power amplifiers, control cir 


ng devices, 


devices, switching 


ng 


fundamentals, basic motor control 


uits, motor acceleration, speed control 
rheostatic and switching methods 
ontrol with auxiliary power cony 
rs, motor braking, feedback 
ystems, and motor protection 


c i 
Synchros, Self-Synchronous De- 
vices, and Electrical Servo-Mechan- 
isms by Leonard R. Crow. 6 x 9 in., 
222 pp. Published by The Scientific 
Book Publishine Co., 
Indiana. $4.20. 


Vincennes, 


Aids in the understanding 
ndamental principles underlying 
mal operating theory as well 
th eftective application of syncnt 
nd allied self-synchronous elk 


hanisms. Structural details of tl 


S$ are given whenever necess 
he proper understanding of the fu: 
) ind ition of the n 
1 forms of these devices 


High-speed Engines by P. M. Heldt, 
(72 pp., 5% x 8% in. Published by 
P. M. Heldt, Nyack 9, N. Y. $7 

In this seventh edition, the 
been revised and brought up to dat 
and new illustrations have been added. 


In particular, the chapters with the 


Product 


greatest amount of material are 
those dealing with injection pumps 
and governors, two-stroke engines 
supercharging, and methods of starting 

Chapter I, Nature of the engine and 
its fields of application. II, Thermo 
dynamic and other characteristics. II] 
Combustion phenomena. IV, Fuels for 
Diesel Engines. V, Fuel Injectors and 


new 


Sprays. VI, Injection pumps, the 
principles and characteristics. VII 
Modern injection pumps and go 


ernors. VIII, Precombustion-Chaml 

engines. IX, Direct-injection engines 

X, Turbulence-Chamber engines. X! i 
Auxiliary-Chamber engines. XII, Tw: 

Stroke engines. XIII, Railroad engi: 


Direct Current Machines for Con- 
trol Systems by A. Tustin, Prof. of 
Electrical Emgineering, Birming- 
ham University, England. 6 x 9 in., 
320 pp. Published by Macmillan 
Co., 60 Fifth Ave., New York, 
N. Y. $10. 


1 


Known Dy 


lynes 


The d-c machines 
names as Amplidynes, meta 
others, give a power amplificatio 
a fast speed of response 
furnish a 
ontrol problems 

In this book, details of servo d 
ind performance are fitted together 
with details of machine design 
power amplification The principles or 
which these machines operate are also 

—e 


nclude« o be used as a basis for th 
; 


basis for new solutions to , 


sign and apt 


Electric Circuits and Machines 6) 
Eugene C. Lister, Second Edition, 
(27 pp, 6 x 9 in. Published by Mc- 
Graw-Hill Book Co., 330 West 42 
St., New York 36, N. Y. $5.50 
this clearly 
manual gives 
1 concise, over-all picture of 
the electrical field, and covers th 
fundamentals of both direct and alter 
nating current circuits and machinery 
Subjects covered are 
ignetism, induction, generators, var 
ous kinds of motors and 
formers, 


editic nm ol 
instructive 


This new 
written and 


the reader 


rcuits, batter 


ontrols, trans 
alternators, and 
tubes. Special features are the treatment 
of a-c machines and 


electron r 


d a section on th 


} 
fact f } oof 5 nl 
effective use of industrial symbols 


1954 Annual Handbook 


Engineering 





SECTION © 





Motors, Engines 
and Controls 











SECTION H—MOTORS, ENGINES, AND CONTROLS 
















The Torque Motor As a Control Device H 3 
New NEMA Dimensions for Integral Horse power Motors H 8 
Selection Guide for Smail Motors . H10 





Selection and Operation of Error Measuring Devices, Servo Motors 


and Servo Controllers H13 
The Significance of WK? and How to Calculate It H24 
Selecting Small Air Cooled Engines H32 
Speed Governors for Internal Combustion Engines H3< 


Developments to Watch 





Product Engineering — 1954 Annual Handbook 





Torque mofors 

















a 
=i 
ms : » 


i 


~ ——— Clomping 


———— 





fixtures 


Sundatrand Machine Tool Co 


Fig. 1—Milling machine using torque motors 
to power the clamping fixtures. Two motors 
are employed—one for each set of devices. 


The Torque Motor 
As a Control Device 


New interest is being shown in the torque motor as an actuator in con- 


trol systems. Its advantages are: unlimited travel, either fast or 


cushioned operation and a practically linear speed-torque characteristic. 


ROBERT KAPLAN 
ALBERT J. BROTZ 


Howell Electric Motors Company 


THE CHIEF DISTINGUISHING FEATURE 
of the torque motor is the ability to 
withstand locked currents for 
long periods of time. Thess periods 
may represent from 5 to 100 percent 
of the duty cycle of the motor. In 
other motor is 
similar to conventional types. It can 
be made for operation at all commer- 
ial voltages and frequencies and for 


rotor 


respects, the torque 


use of direct current, single phase or 
polyphase circuits. This similarity 
applies also to the range of ratings 
available and to mechanical features 
such as enclosures, bearings and built- 
in gearing 

The design of a polyphase a-c torque 


Product Engineering 


motor is typical of this class of ma- 
chines. It is known that when rated 
line voltage is applied to the terminals 
of a conventional squirrel cage motor, 
the initial inrush current is 5 to 6 times 
greater than rated current. If the rotor 
is locked and the heavy current allowed 
to persist for some length of time, the 
motor burns out 
motor, there ar¢ 
motor parameters that can be 
changed to alter locked rotor current 
The parameters are resistance and re 
actance. To decrease the inrush 
rent, either or both resistance 
reactance must be increased 

An increase in rotor reactance re 
sults in a decrease not only in inrush 
current but in locked rotor torque as 
well. In contrast to this, increasing 
rotor resistance up to an optimum 
point causes an increase in developed 


In a squirrel cage 
two 


cur- 
and 
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torque while limiting locked rotor 
current 

The objective in designing a torque 
motor is to provide for the limitation 
of locked rotor currents. And, because 
of its beneficial effect on torque, added 
resistance is the limiting means chosen 
The customary method of increasing 
the rotor circuit resistance in a poly 


phase squirrel cage torque motor is to 


use rotor bar and end ring mat 
rials having electrical resistivities from 
6 to 10 times greater than that of 
“Po : 

In Fig. 2 is given a family of 


speed torque curves that are re presen 
tative of squirrel cage motors. Curve 
A is based on a rotor having a con 
ventional magnitude of 
Each of 
effects of adding progressively greater 
resistance in the rotor 


resistance 
the remaining curves show the 


circuit. It is 


HE 





noted, first, that each time resistance 
is added, a given value of torque is 


developed at a lower speed. Also 
apparent is the fact that locked rotor 
torque increases with added resistance 
up to and including Curve D. For 
Curve E, locked rotor torque drops 
back to a value lower than the maxi- 
mum torque of Curve D. Thus, the 
optimum value of rotor resistance lies 
somewhere between Curves D and E 

Two points of interest concerning 
the torque motor can be noted from 


Fig These are the approach to 
linearity of the speed-torque curve 
and the fact that the motor exerts its 


maximum torque when stalled 

Torque motors are called upon to 
operate in one of three ways. Apply 
ing an arbitrary classification to torque 
motors, a Class I torque motor is de- 
fined as one which may be required to 
exert torque while in a stalled condi- 
tion for periods ranging from a few 
seconds to many hours 

A Class II torque motor is one that 
is required to run for relatively long 
periods compared to the time stalled 
Class III covers motors that are called 
upon to run at one speed or several 
speeds, usually considerably below the 
Class III ap 
plications, the motor is seldom if 
ever—stalled. But by 
torque motor, the designer takes ad 
vantage of the linear torque-speed 
characteristic and of the fact that the 
motor can operate at high slip with 
out destructive overheating 


synchronous speed. In 


choosing a 


and are chosen to emphasize types of 
applications. Actually, there is no 
basic design differences among the 
motors used in the various classifica- 
tions. 

The rating of a torque motor is gen 
erally expressed in terms of the locked 
rotor torque developed and the per- 
cent of operating time during which 
the motor can remain stalled without 
damage. The torque is given in ounce 
feet, pound-inches or pound-feet, de- 
pending on the magnitude of the 
values. The relationship of the per 
cent duty cycle rating to minutes of 
actual operating time is 





Cyclic Rating 
Max 


Sec 
Duty Stalled 
Cycle Time Deener- 
Percent Min.) * Stalled gized 
100. =| Continuous Continuous 
50 60 30 30 
25 20 15 5 
10 10 6 54 
5 5 3 57 





*Motor should be allowed to 
room temperature between operations 


cool to 


It can be seen from this table that the 
percent duty cycle rating relates to 
cyclic operation. Thus, a torque motor 
with a 50 percent duty can be stalled 
for as long as 30 min in each hour of 
operation. In non-cyclic usage, the 
same can be locked safely for 
60 min, providing it is allowed to cool 
to room temperature 
tions 


motor 


between opera 


























torque motor decreases as the number 
of poles increases. This is illustrated 
as follows for one typical rating. 





Torque w// NEMA Frame Size 
Pound- Duty 
Feet Cycle i 6 12 16 
pole pole pole pole 
2 100 326 | 284 | 225 | 224 





The number assigned by NEMA to a 
frame is an indication of its physical 
dimensions. 

This is explained by the fact that 
shaft torque is a direct function of 
rotor diameter and field flux. The 
magnetic field rotating in space actually 
pulls the rotor after it. The greater 
the field strength, the greater is the 
acting on the rotor. It is this 
force multiplied by rotor radius that 
produces shaft torque. By adding to 
the existing number of field poles, 
the designer increases the 
strength of the rotating field. Thus, a 
smaller rotor radius is needed to effect 
a given value of torque 

The number of stator slots required 
to accommodate the field windings of 


force 


motor 


the motor is directly proportional to 
the number of poles. Therefore, it 
can be seen that an indefinite extension 
of the above table is impossible, since 
the reduction in frame size soon limits 
the quantity of winding slots that can 
be accommodated 





























It should be pointed out that the For a given torque and percent duty A second limitation on the number 
issigned classifications are arbitrary cycle, the physical size of a polyphase of poles that can be used is the speed 
T T Tensioning 
Moteria! being f finger 
100 Torque 
Mechan- motor 
_ teal 
90 Jinkoge 
° 
$ 80 
a ’ 
Variable 
2 70 voltoge 
° transformer- ial 
S 60 hi 
s ine 
c 
S 50 Fig. 2—Torque-speed characteristics of squirrel cage 
40 induction motors. Rotor resistance was increased pro- 
° gressively to obtain the different curves. Note that 
e curves D and E—representing high rotor resistance 
8 30 —are almost linear. The performance characteristics 
a 20 of an ideal torque motor lie somewhere in the area 
between these curves. 
10 
Fig. 3—Schematie of application of torque motor to 
Oo provide adjustable tension on material moving 
Oo 20 40 60 80 100 120 140 '60 180 


Percent of Locked Torque 
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through rolls. Tensioning finger acts as a friction 
brake on the material. 
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Table I—NEMA Frame Sizes for Torque Motors 











TORQUE PERCENT OF TIME LOCKED 
of the motor. The speed of an induc- me on - 
tion motor is given as: Pound-Feet sA___|___10%, 25% a 100% 

: 4 Pole — RPM = Cycles X 30 
S = 120//p = 
where S =speed in rpm 5 AS6 BS6 BS6 A66 A204 
f = frequency of the line voltage 75 AS6 BS6 C56 B66 A224 
p = number of poles 1.0 BS6 C56 B66 A204 A254 
; 2.0 B66 A204 A224 A225 A326 

For a constant frequency, such as 6 Pole — RPM = Cycles X 20 
that of the conventional 60 cycle 
supply, an increase in the number of 5S AS6 AS6 AS6 AS6 B66 
poles causes a decrease in the speed. a a a — A66 ree 
Thus, where the torque motor is to 20 C56 A66 A204 nae A284 
operate at a certain speed, the motor 3.0 B66 A204 A224 A254 A326 
designer has no choice but to supply 4.0 A204 __ A224— A225 A284 364 
the correct number of poles to attain 8 Pole — RPM = Cycles X 15 
that speed. 

Listed in Table I are the frame 5 AS6 AS6 AS6 AS6 B66 
sizes used by one manufacturer for .75 A56 AS6 AS6 A66 A203 
polyphase torque motors with from 1.0 AS6 AS6 A66 A66 A204 
Si peyeee ee” 2.0 C56 C56 A203 A204 A254 

I 3.0 A66 B66 A204 A254 A324 
4.0 B66 A204 A224 A284 A326 

, on. 5.0 A203 A225 A254 A124 364 

Class I Applications 
10 Pole — RPM = Cycles X 12 

Given in Fig. 3 is a schematic of 
an application involving adjustable £ AS6 AS6 AS6 AS6 A66 
tension. Torque exerted by the motor 75 AS6 AS6 AS6 C56 B66 

. . art 1.0 A56 AS56 B56 A66 A203 
causes tensioning fingers to work 20 BS6 C56 A66 A203 A254 
against the material being processed. 3.0 C56 A66 B66 A225 A284 
The system may include a spring 4.0 A66 A203 A204 A254 A324 

he hict lie the ten 1 5.0 B66 A224 A225 A284 A326 
mechanism which relieves the tensior +r A203 ry aeaa ror one 
when the motor is deenergized. When 
the particular material being processed 12 Pole — RPM = Cycles X 10 
calls for full motor torque, the motor 
is energized directly across the line. a = -_ o- ose — 

A ais ale — : 6 56 56 66 
When the material size or strength is 10 AS6 AS6 AS6 C56 B66 
changed so that less tension is neces- 2.0 AS6 B56 C56 B66 A225 
sary, lower primary voltage is applied 3.0 BS6 C56 A66 A224 A254 
to the motor by means of the variable oa yen _— pe = aa 

; 4 254 324 
voltage transformer. It is important 70 B66 A204 A225 A284 A396 
to note that the torque motor does not 8.0 A204 A224 A254 A324 365 
drive any of the processing system 10.0 A224 A225 A284 A326 404 

Some of the advantages of the 16 Pole — RPM = Cycles X 7.5 
torque motor over more conventional 
methods of applying force are appar 5 
ent in the use of a torque motor re 75 A203 
lease for a brake. Here, the motor 1.0 A204 
might take the pla f an electric 2.0 A203 A224 

Cae ten & ciate dhe ace ad 3.0 A204 A225 
CCS. SIG. TS MIS Ce We CG 4.0 A203 A203 A203 A224 A254 
such a motor applied to an elevator 5.0 A203 A204 A204 A225 A284 
brake. The torque motor provides 7.0 A204 A224 A224 A254 A324 

; ; . u 8.0 A204 A224 A225 A284 A326 
quieter operation and more positive 10.0 A224 A295 Ase ‘aan ona 
action because of freedom from stick 
ing 

The action of the torque motor 
shown in Fig. 4 is as follows: the 
torque motor and the winding machine 
motor are wired in parallel When desired floor level 1S reached The and the cam 15S retracted by action ol 
the motors are energized, the torque = entire assembly is shown in Fig. 5 a spring 
motor releases the brake against the The torque motor is mounted above The torque motor is frequently used 
tension of the spring which tends to the cam, which is shown in the re as the power element in remotely 


hold the brake closed. When the 
power is cut off, both motors are de 
energized and the spring sets the brake 
A further use of a Class 1 
operation of the 
cam found in automatic 
The of the cam is to 
the door locking mechanism when the 


motor 
is for the retiring 
elevators 


action releasc 


When the 
stops, the is energized 
makes one-half 
rore it 1s stopped positively by a metal 
link. The 
ward in a position to actuate the door 
When the elevator 
again, the torque motor is deene¢ rgized 


tracted position elevator 


motor and 
about revolution be 


cam is thus extended for 


release is started 
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operated control panels for d-c mo 
tors. The panel pictured in Fig. 6 

for the control of an elevator passen 
ger motor. The contactors, which ar 
mounted in four horizontal banks, ar 
losed by means of cams. Torqu 


motors drive the camshafts for start 


ing accelerating stopping and revers 


H 





Cable drum 


Fig. 4—Torque motor used as brake release element 
on an elevator cable drum. When energized, the 
torque motor drives the sector gear until it stalls. The 
motor remains in the stalled condition as long as the 
drum is turning. 


Fig. 5—Retiring cam used to operate a 
door latching mechanism is powered by a 
torque motor. Assembly below is mounted 
vertically, with the motor directly above 
the cam. 


ing the main motor. For speed control, 
the contacts on the panel cut resistance 
in and out of the armature and field 
oils of the traction motor. By 


proper se lection ol 


Class I Applications 


Large valves are often actuated by 
high speed (two or four pole ) torque 


camshaft speed motors. A large proportion of the mo 


and the shape of the cams, smooth 0fs So used are built to explosion re 
icceleration and dynamic braking char sisting standards The advantage 
teristics can be obtained claimed for motor operated valves are 
The Sundstrand milling machine remote control, highes speed, great 
Fig. 1, ncorporates tw small ver ability to break away after long idl 
tical torque motors (visible in the periods and decreased valve seat 
background) to operate th lamps shock 
that hold the material to be milled and An interesting torque motor appli 
centered. Since the material may b« tion is illustrated in Fig. 7. The de 
of various shapes and sizes, th clas Ips vice shown Is an electromec hanical I 
vary in design. The clan hor mote control for drag scraper driv 


Ips move nor 1110 


zontally through a gear train. The two drums. This torque motor is of th 


motors are controlled through one r reversing type The purpose of th 
versing magnetic starter, which ts in hanism is to permit the operat 
turn controlled by two momentary _ to be located in a remote position such 
ontact push buttons marked lamp that he can see the scraper buck 
ind unclamp The motors ar { any location in the storage area. Th 
rgized only while th yperator is Operator controls the torque motor by 
| ushing the button. In th yperation means of a Right, Left and 
of the machin the operator pushes Neutral spring actuated switch 
the “clamp” button and holds it until While the master switch is on ‘Right 
the motor stalls. He then releases th or ‘Left controls the direction of 
lamp” button and pushes the “‘cycle rotation of the torque motor. When 
button which starts the milling and the switch is returned to the neutral 
itering opera When the work position the brake Ss automa lI 
s done the operator pushes th ur ipplied and the motor stopped 
lamp” button which backs off the — The tor notor is connected | 
lamps and releases the work Th ins of a worm gear re r and 


lutch plates or 


torque motor prov les secure holding roller chairts to the <¢ 
ich cable drum. The clutches ar 


in this application 














leadscrew-actuated and are arranged so 
that when the torque motor rotates 
lockwise, the clutch of one drum is 
engaged. This connects the drum to 
the main drive motor. This drum takes 
up the drag bucket cable, while the 
d drum idles, playing out cable 
Then, when the torque motor is 


seco! 


reversed, the first clutch drops out and 
the second clutch is engaged. Th 
idling drum becomes the driven unit 
and the cable is pulle 1 in the Opposit 
direction 
Use of the single clutch motor ps 

ents both clutches being applied it 
the same time. The torque motor is 
stalled under power when either clutcl 


is engaged 


) ; tah] 
Positioning tables, requiring as many 
is 60 index posit ons per munute, ar 


driven by Class II torque mo 

yrs. In most cases th table is dr ven 

through various types of gears usually 

f such magnitude that the inertia of 
, 


the table is negligib The problen 


nvolved here is to move the tabl 
from position to position in a fraction 
i a second so that time remains t 
handle the material brought into pos 
tion. Variations of this type of tabl 


} 


e used in loading containers auto 
atically, and in automatic welding 
levices. The advantage of a torque 
motor in such applications is its rapid 
a-celeration 
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Torque motors 









Haughton Elevator Co. 





Class III Applications 


Application of this class of torque 
motor is found in reeling devices used 
in the winding and spooling of ma 
terial, such as various types of paper 
or threads. The problem involved is 
to reel the material at approximately 
constant tension and constant linear 
speed. The need for constant tension 
is brought about either by the strength 
of the material being reeled or, even 
more likely, by the need for uniform 
tension in the layers of the reeled ma- 
trial The constant 
linear speed is generally a result of 
the process involved. Usually, the ma 


desirability of 


terial goes through some stage at con 
stant speed before being taken up on 
the reel 

To illustrate the design problems in 
volved in applications of this type, a 


ce ynsidere d 


typical case can be 

Assume a thread is to be reeled on a 
spool which is two inches in diameter 
when empty. The spool when full will 
have a diameter of four The 
thread is of such a material and size 


that not over five pounds tension can 


inches 


be tolerated. Before the material is 
reeled, it passes through a solution 


which is of such makeup that the 
thread would be injured if allowed to 
remain in it too long and would not 
be properly treated if allowed to pass 






Sprocket attached to 
clutch screw 


Lost-motion flexible coupling 


Beaumont Birch Co. 


Adjustable broke 
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Friction drive, 













Torque motor 





Fig. 7—Torque motor controls the engagement of two 
clutches in this cable drive. When torque motor rotates 
clockwise, the clutch of one cable drum is engaged, 
coupling it to the main motor. This action is reversed by 


reversing the torque motor. 


Fig. 6—Bank of contactors for control of d-c motor. Torque 
motors turn the camshafts that actuate the contactors. This 
assembly is more flexible and provides smoother speed adjust- 
ment than that possible with conventional magnetic contactors. 


through the solution too rapidly 
Assume the rate of passage of the 
thread must be maintained at approxi 
mately 300 ft per minute. 

The motor speed needed to obtain 
a linear speed of 300 fpm on a two 
inch diameter spool can be determined 
by the elementary relationship 

300 X 12 


Speed = 


= 573 rpm 

The torque required is equal to 
the tension multiplied by the radius of 
the spool or five pound-inches. One 
point on the motor speed-torque curve 
now has been determined; i.e., five 
pound-inches at 573 rpm. The second 
point is determined from the require 
ments when the spool is full or 


300 * 12 
4 


torque 5 xX 2 


Speed = 287 rpm, and 


= 10 lb in 


It is obvious that if the drive motor 
has a perfectly linear speed torque 
curve, a motor designed to meet the 
first point would also meet the second 
point. The torque motor has charac- 
teristics that closely approximate this 
requirement. However, normally the 
speed-torque curve as shown in Fig. 2 
deviates from the straight line and 
some compromise must be made 

The manner in which this compro- 
mise is made is shown in Fig. 8. The 
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Speed (rom) 
es) 
° 


Fig. 8—Straight line represents speed- 
torque characteristics required to 
control material tension in a wind- 
ing or spooling machine. Curves A 
and B show performance actually 
obtainable from torque motors. 


straight line indicates the ideal motor 
characteristics required. Curves A and 
B show the actual performance that can 
be obtained with torque 
Usually in reeling a material, the inne: 
fibers can be wound slightly tighter 
than the outer fibers and a curve as 
shown at A is used. When the oppo 
site condition exists, a motor designed 
in accordance with curve B is used 
Tension can be varied by use of an 
adjustable voltage transformer 


motors 


HO 












New NEMA Dimensions 





























Rerating of electric motors by NEMA allows as 
ae, . MG1-5.7.a—Frame Sizes -3.a — Frame Sizes for Single 
more horsepower to a frame size. New motors will fer Polyphese, Squirrel- phase, General purpose, Horizontal and 
; pal Genered-guenenn, } Neg Motors, Open-type, 40C, 60 
satisty the same performance standards of torque, Designs A and B, Hori- ycles, 115 and 230 V 
: zontal Motors, Open- Frame Size for Various Speed Motors 
temperature rise and starting current limitation as : . HP : 
§ type, 40C, 60 Cycles, 3,600 rpm | 1,800 rpm | 1,200 rpm 
before, but manufacturers will use a fewer number of 550 V and Less % 7 
si zec rer the > of horse ere 1 184 213 
frame sizes to cover the range of horsepowers. ee 114 184 184 215 
ome F ; 2 184 : 
To meet these new standards most manufacturers HP 1,800 rpm ai3 
totem 3 213 215 
> re-envineeri -j ; See regular issues o » 215 254U 
are re-engineering their motors. See regul ir issues of 74 954 256U 
Product Engineering tor a complete discussion of 
M Afee ' & P ; 1 182 MG1-5.9.a Frame Sizes for Poly 
what the new ratings will mean to users in terms ot 114 184 phase, Wound-rotor, General-purpose, 
é Horizontal and Vertical Motors, Open 
new design versatility. It is expected that products 2 184 type, 40 C, 60 Cycles 
conforming to the new standards will not be generally . ats HP Frame Size for Various Speed Motors 
ale : hee 5 215 1,800 rpm =—s:1,200 rpm 900 rpm 
available before: January 1, 1954 for frames sizes oante ¥ 213 
ame . Stig “ 1 215 
182 and 184; June 1, 1954 for frames sizes 213 and 10 256U 114 213 254U 
; ; f 2 213 215 254U 
> . 1 . ( » si7es 25< 1s 84 p . 
215; November 1, 1954 for frames sizes 254U and 5 284U 3 215 ,2s4U | 256U 
| . : ) J 5 25 < 
256U; April 1, 1955 for frames sizes 284U and . se6u - 234U aseU | 2840 
25 324U 7+ 256U 284U 324U 
2OKLTT: Canta a are ee il | ’ 0 284U 324U 326U 
286U; September 1, 1955 fo ‘ 42 é ' . 
; September 1, 1 tor frames sizes 324U and ae esau a 324U | 3260 
426U 20 326U 
; i: A ~ ‘ Rn = x sail -aw+aw~{ 
‘a t =a fk ha el AT L i - o 
r | L. / 
- f i A 
V | \ oe 3 ‘T= an R 
t | a 1 f { - AM 
\ i _ WH ' 
tT rt « = “ 
{| ihe A lated bs *s ngth HS 
“trey -~W hut 7 +4 P 
| + <s tor “- a y é 
t | wre dob Is ai. Se 
MG1-3.2.a —Standard Dimensions for Single-phase and Polyphase, Induction Foot 
sien mounted Motors 
a: = 
z a uly Key AA Min. 
! Li tit. Lil) Frame Thick- A B Vv Size of 
- A ~ A - Number Width | ness Length Max Max D* E F BA H NW U Min. Conduit 
or or 182 6 ~ 11%) 9 16%! 4% 3%/ 2%) 2 2u| % 2 ‘ 
ef + . me . 184 16 iG 1% 9 7+ 4! 3%4 234 2 24 a 2 4 
q fa) 1 1 Zi 7 ; 1 3 1 
! _— r eae t 213 “4 4 2 10% / 5% 4 4 2°4 / % 3 1's 2% 4 
- \ - - 5 4 4 2 104 9 514| 44) 3'6 3! 2| 3 1%) 234 A 
Yel be ‘ 
254U if 16 2%4 12'% 1034 64) 5 4! 4! 2 | 3%) 1% 3% 1 
All dimensions in inches 256U ie ie 234 | 124 12% 6%)! 5 5 4) o | 334) 13%%| 3% 1 
ba a D -— never be greater 284U ¢ |3% | 14 1214 7 514 43%| 4 4%! 15%) 45%) 14 
than the above values, but it may be 2R6U % be | 3% | «14 14 7 sl4i 514| 43 47% 154) 454 114 
less so that shims are usually required 3 : 
for coupled or geared machines. When 324U| 4% “4 | 4% | 16 14 8 6%) 5%) 5! 554 17% 5%) 11 
the exact dimension is required, shims ‘ 3 3 7 l4| si4| 51 
Sage 3248 x 8 1’ | 16 14 8 644/ 544) 5 »| 3%) 1 3 1” 
up to 1/32 inch may be necessary on 7 
frame mee whose dimension D is 8 326U 4 4 44 16 514 8 614! 6 51 5541 1% 5% 1! 
inches and less. 326S | 3% | 3% | 1% | 16 ls 8 | 6% 6 | 5! 344,154 3 | 1 
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MG1-5.7.b 


Frame Sizes for 


Polyphase, 


Squirrel-cage, 
General-purpose, Designs A, B and C, Horizontal and 
Vertical Motors, Open-type, 40C, 60 Cycles, 550 V and Less 





Frame Size for Various Speed Motors 


HP 
3,600 rpm = 1,800 rpm 

lg 

JZ 

1 

1)2 | 182¢t 

: 184+ 

3 184+ 

5 213t 215" 

7‘o | 215t 254U* 

10 254UTt | 256U"* 

15 256Ut | 284U* 

20 284Ut | 286U* 

25 286Ut | 324U* 

30 324St | 326U* 

40 326St 


1,200 rpm 


182+ 
184t 
184} 
2137 
215* 


254U ** 
256U** 
284U ** 
324U** 
326U** 


* 


900 rpm 720 rpm 


182T 
184f 
213t 
213t 
2157 


254U** 
256U** 
284U** 
286U ** 
326U** 


213t 
215t 
254Ut 
256UT 
286Ut 
324UTt 
326Ut 


600 rpm 


215T 

254UTt 
256Ut 
286Ut 
324Ut 
326Ut 


MG1-5.10.a —Frame Sizes for Polyphase, Squirrel-cage, 
Designs A, B and C, Horizontal and Vertical Motors, 
Totally-enclosed, Fan-cooled Type, 55 C, 60 Cycles, 550 V 
or Less 











* Apply to Design C Motors only. 
** Apply to Designs A, B and C Motors 


t Apply to Design A and B motors only. 








Frame Size for Various Speed Motors 


HP 


3,600 rpm 1,820 rpm 1,200 rpm 900 rpm 720 rpm 600 rpm 


2 182+ 
‘ 182t 184+ 
182+ 184t 213t 213t 215t 
be | 182t 184+ 184+ 2131 215t 254Ut 
184+ 184t 213+ 215t 254Ut | 256Ut 
184+ 213+ 215* 254U* | 256Ut | 286UT 


213t 215" 254U* 256U* 286Ut 324Ut 
bo | 215T 254U* | 256U* | 284U* | 324Ut | 326UTt 

254UTt 256U* 284U* 286U* 326U?t 

256Ut 284U* 324U* 326Ut 

286Ut 286U"* 326UTt 

326St 326U* 





* Apply to Design A, B and C motors. 
t Apply to Design A and B motors only 




















sed they onthe 4 
am te : Tolerances: 
= AB AK Dimension: 
. A ol 182D-286UD, inclusive—-+ 0.000, —0.003 inch; 324UD, 
f ) » BOr 326UD, 324SD and 326SD— +0.000, —0.005 inch 
* Face Runout: 
182D-286UD, inclusive— 0.004 inch indicator reading 
- VE 324UD, 326UD, 324SD, 326SD—0.007 inch indicator 
+ . reading 
7 ; Permissible Eccentricity of Mounting Rabbet: 
4 182D-286UD, inclusive—0.004 inch indicator reading 
| . . a .. 324UD, 326UD, 324SD, 326SD—0.007 inch indicator 
| ‘ gan ra reading 
— - : —— Permissible Shaft Runout: 
: - a, ny 182D-286UD, inclusive —0.002 inch indicator reading 
x 324UD, 326UD, 324SD, 326SD—0.003 inch indicator 
reading 
Note: These dimensions may also be applied to vertical 
\ motors in which case the frame designation may 
, , peer F \ex have the suffix letters DV, UDV or SDV. 
All dimensions in inches \ 
v 
MG1-3.6. a—Standard Dimensions for Type D Flange-mounted, Single-phase and Polyphase, Squirrel-cage Induction Motors 
Key Clearance Hole BF 
Frame BD BB 
Number AJ AK Max. AH BC Max. U Width Thickness Size Number 
182D and 184D 10 4 11 2% 0 4 8 16 rf 2 4 
213D and 215D 10 9 11 3 0 \4 1% \4 4 e 4 
254UD and 256UD 12'% 11 14 3% 0 4 1% aC 1 * he 4 
284UD and 286UD 12°96 11 14 4'% 0 4 1% ay a 16 
324UD and 326UD 16 14 18 554 0 ly 1% Ly lg ‘ 4 
324SD and 326SD 16 14 18 3% 0 \4 1% ie 4 
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Selection Guide for Small Motors 


Characteristics of the six main types of motors for frac- 


tional or subfractional applications, and typical uses. 


In Table I are listed the factors that 
influence the selection of a fractional 
horsepower motor. To meet the re- 
quirements of any particular applica- 
tion, a designer can choose one of six 
types: 1) single phase squirrel cage, 
2) single phase wound rotor, 3) poly 
phase, 4) synchronous, 5) direct cur- 
rent, and 6) universal. 


Single Phase 
Squirrel Cage Motors 


A pulsating field supports rotation 
in a single phase induction motor. But 
since this field usually does not itself 
rotate, such motors need auxiliary start- 
ing devices. Single phase a cage 
motors are classified on the basis of the 
method of starting 


§ plit-Phase. If a single phase a-c induc 
tion motor is e uipped with an auxil- 
iary winding, aa aced in magnetic 
position from and connected in parallel 
with the main winding, it is called a 
split-phase motor There are three 
types: general purpose, high torque, 
and two-speed. 

As a rule, these motors are constant 
speed, require little maintenance and 
are reversible at rest only. Starting 
torque ranges from 150 to 175 percent 
of running torque starting current is 
five to ten times full load current 

Because small wire is used in the 
starting winding, the windings will 
burn out if starting time is not kept 
short. Split-phase motors het 


Hio 


2-pole, 3,450 rpm types—are usually 
applied to light inertia loads that re- 
quire a short time to pull up to speed 
Overload protection is desirable 

General purpose motors, ranging 
from 1/20 to 1/3 hp, are used in oil 
burners, office appliances, fans, and 
blowers. High torque motors 1/3 hp, 
may cause light flicker when connected 
into underwired or overloaded lighting 
circuits. They are recommended for 
washing machines, ironers, sump 
pumps, home workshop tools, and re 
frigeration units. 

With two separate windings and a 
one-pole double throw switch, the two 
speed unit costs almost twice as much 
as the other split-phase motors. It is 
used in medium torque applications 
like belted furnace blowers, attic ven 
tilating fans, and other belted power 
drives. Because of the type of applica 
tion and the motor’s cost, it is recom 
mended that thermal overload devices 
be used to protect such units 


Capacitor. A Capacitor motor is a sin 
gle phase a-c induction motor that has 
a main winding connected directly to 
the source of power and an auxiliary 
winding connected in series with a 
capacitor. There are three types: 1) ca 
pacitor start, 2) permanent split capaci 
tor, 3) two-value capacitor 

In the first type, the capacitor phas« 
stays in the circuit only during start 
ing. A centrifugal switch cuts it out 
when the motor reaches running speed 
In sizes from 1/250 to 3% hp, such 


Product 


motors are constant speed, reversible 
at rest only, quiet and economical. 
Starting torque 1s very high. They are 
recommended when power factor and 
efficiency are important factors—power 
factor being close to unity, and effi- 
ciency excellent. High efficiency means 
reduced heat loss and lessens the prob 
lem of heat dissipation 

Capacitor motors are used for heavy 
duty drives like those required by com 
pressors, stokers, pumps, refrigerators, 
fans, blowers, and air conditioners 

In the permanent split capacitor 
motor the same value of capacitance 


Table I 


Small Motor Selection Factors 





1. POWER SUPPLY 
a. Type (a-c or d-c 
b. Line Voltage 
c. Frequency 


2. PERFORMANCE 
a. Horsepower rating 
b. Speed at full load 
c. Starting torque (in percent 
of full load torque 
d. Full load torque 


e. Duty cycles 
intermittent 
continuous 
reversing 


non-reversing 


Ww 


. MOUNTING 
a. Vertical 
b. Horizontal 


4. ECONOMICS 
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Percent full load torque 
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remains in the circuit during starting 
and running. Major characteristics of 
such motors are low starting torque and 
smooth, unbroken speed-torque curves, 
which make them adaptable to direct 
connected fan drives and blowers, and 
unit heaters. 

To combine the better features of 
the previous capacitor types, a designer 
can choose a two-value capacitor motor. 
In this unit different values of capaci- 
tance are used for starting and operat- 
ing conditions; a centrifugal switch 
makes the change over. Although they 
are expensive—about double the cost 
of a capacitor start motor—these mo- 
tors have excellent starting and run- 
ning characteristics, and are used for 
heavy duty applications 
Shaded pole. If a single phase a-c in- 
duction motor has an auxiliary short 
circuited winding or windings 
placed in magnetic position from the 
main winding, it is known as a shaded 
pole motor. Least expensive of all a-« 


dis- 


notors, this type is widely used in sizes 
from 1/300 to 1/30 hp 

One of the main advantages is easy 
maintenance. Such motors do not re 
quire brushes or centrifugal switches 
However, with low current 
they dev elop low starting torque. Power 
factor is low and 
They tend to run hot when wound for 
peak output, so they 


starting 
efmciency 1S poor 


are used where 


heat dissipation is unimportant and 
high power factor and speed are not 


critical. Shaded pole motors are easily 
connected but cannot be 
rection of 
for each application 
split phase type, horse power output per 
pound of motor weight is low. Typical 


revers¢ d: di 
spec ified 
Compared fo a 


rotation must b 


applications: fans, small blowers, unit 
heaters, and hair driers 


Single Phase 
Wound-Rotor Motors 


When it is desirable to have a high, 
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controllable starting torque, wound 
rotor motors are preferred to squirrel 
cage units. By adding resistances in 
series with the rotor coils, it is possible 
to vary current and starting torque 
There are three major types: 1) repul 
sion motor, 2) repulsion-start induc 
tion motor, and 3) repulsion induction 
motor 


Repulsion motor. If 
motor has a stator winding connected 
to a power source and a rotor winding 
connected to a commutator—with the 
brush on the commutator short circuit 
ed and placed so that the magnetic axis 
of the rotor winding is inclined to the 
magnetic axis of the stator winding 
the motor is a repulsion motor. It has 
varying speed characteristics 

Major advantage of such a 
the extra-high starting torque with rel 
atively low starting current. But this 
is offset by the disadvantage of difficult 
maintenance, complicated by the wound 


a single phase 


unit 1s 


armature, commutator brushes, brush 
lifting, brush shifting, or armature 
short-circuiting mechanisms. As a fr 
sult, they are rarely used, having been 
replaced for the most part by capacitor 
motors 
Repulsion-start induction motor. Tf a 
motor is wound like a repulsion motor 
but at a predetermined speed the rotor 
windings are short circuited or con 
nected to simulate a squirrel cage wind 
ing, the unit is repulsion-start indu 
tion 
induction motor 
characteristics 
Its high starting torque characteris 
tics are particularly for belt 
driven refrigeration units, compressors 
stokers, and jet and coolant pumps 


motor. Because it runs as an 


it has constant speed 


useful 


Ret ulsi 2 ind ui Nl 91 r. If the mo 
tor has a squirrel-cage winding in the 
rotor in addition to the repulsion 


motor winding it is repulsion induction 
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motor. It starts on the repulsion prin 
ciple; and accelerates and continues to 
run at full speed on a combination of 
the repulsion and induction principles 
It may have either constant speed or 
varying-speed characteristics. 


Polyphase Motors 


Where polyphase current is avail 
able polyphase induction motors are 
suitable for all constant speed applica 
Their main advantage lies in a 
simple construction that requires a min 


tions 


imum of maintenance. But, because 
they require much more complicated 
control than single phase units, they are 
not usually used 

Most frequent use is in the larger 
SIzes l/, to 5/, hp There are available 
special designs with extra high starting 
torque for hoists, door operators, and 
tool traverse and clamp devices. In 
high speed applications, like portabl 
and textile machines 
high frequency polyphase motors may 


tools spinning 


be used 


Synchronous Motors 


When constant speed is required re 
voltage fluctua 
a synchronous motor is generally 


gardless of load and 
tion 
preferred. Most common are the singl 
reluctance 
Like 
phase 


units, the motor and 
the 


synchron 


phase 
the hysteresis motor indu 


tion motor 


the single 


ous motor is not self-starting. It uses 
the same starting principles split 
phase, capacitor start, and shaded pol 

Single pha Used mostly on instru 


ments, sound recording and reprodu 
facsimile 
printers. Choice of partic ular type de 


ng apparatus, teleprinters 
pends on starting torque requirements 
Split-phase and capacitor types supply 
relatively high starting torque 

For units smaller than 1/20 hp, th 
shaded pole and split-phase n ake rela 
tively inefficient 


synchronous motors 
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Even so, the capacitor motor has only 
half the power output of an a-c induc- 
tion motor of equal frame size and 
number of poles. The disadvantage of 
larger size for equal power must be 
balanced against the advantage of ab 
solutely constant speed 


Hysteresis. Quietest of all motors but 
one of the more expensive, the synchro- 
nous hysteresis motor is commercially 
available in sizes from a fraction of a 
watt to 100 watts Despite its simple 
construction it develops high starting 
torque and synchronizes high inertia 
loads without complicated starting or 
acceleration equipment 

External switching devices reconnect 
the windings in various pole groupings 


to change the speed making these 
ratings available: 600, 900, 1,200. 
1,800 and 3,600 rpm. Changing the 


supply frequency will operate the mo 
tor at varying speed 

Typical applications: electric clocks, 
phonographs, wire recorders, motion 
picture sound cameras and projectors, 
stroboscopic devices, gyros, timing de 
vices, and tension devices 


Direct Current Motors 


Direct current motors are comple 
mentary to a-c types as to ratings and 
speeds. As a rule they are specified 
only when 
One ex¢ 


a-c current is not available 
they can be used when 
variable speed characteristics are de 


ption 
sired. D-c motors are classified, accord 
ing to the manner of wiring the field 
ind armature circuits, into three groups 
1) shunt wound, 


>) series wound, and 


3) compound wound motors 


Hi2 
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If the field circuit and 
the armature circuit are connected in 
parallel, the unit is a shunt wound d- 
motor. In a so-called stabilized shunt 
wound motor, a light series winding 


‘ , 
Shunt wound 


is added to prevent a rise in speed or 
to obtain a slight reduction in speed 
with increase in load. Particularly well 
adapted fer variable speed operation 

Most widely used in sizes smaller 
than 1/12 hp, it is a general purpose 
motor for all applications operated by 
d-c circuits 


Series u und If the field 
connected in series with the 


circuit 1s 
armature 
the unit is a series wound d-c motor 
Used in applications similar to the a-~ 
shaded pole motor, like fan applica 
tions, operated by d-c circuits. May be 
used instead of a shunt-wound motor 
in very small ratings to get rid of a 
device with fine wire in the field 


If the motor 
has two separate field windings—one, 
usually the predominant field, connect 
ed in parallel with the armature circuit 
and the other connected in series with 
the armature circuit—the unit is a com 
pound wound motor. A so-called gen 
eral purpose compound wound motor 


, 
Compound-u und motor 


uses both shunt and series windings 
to give a speed regulation between 
no-load and full-load greater than is 
permissible for standard shunt-wound 
machines, but not exceeding 25 


cent based on full load speeds 


pe r 


This type is used in the same ippl 
cations as the d-c shunt wound motor 
and big 
ger. For ratings in excess of Y/y hp, a 


but in larger sizes, from 1/12 


starting rheostat is usually required 
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Types of Small Motors 





| Single Phase Squirrel Cage Motors 


1. Split phase 
a. General Purpose.1/20 to 1/3 hp 


b. High Torque 1/3 hp. 

c. Two Speed 1/8 to 1/4 hp. 
2. Shaded Pole 1/300 to 1/30 hp 
3. Capacitor 


a. Capacitor Start..1/250 to 1/3 hp. 

b. Permanent Split.1/20 to 3/4 hp. 

c. Two Value 
Capacitor 1/20 to 3/4 hp. 


il Single Phase Wound Rotor Motors 


1. Repulsion Motor 
2. Repulsion Start Induction Motor 
3. Repulsion Induction 


il! Polyphase Motors 


IV Synchronous Motors 
1, 2, 3 Phase 
a. Split Phase 
b. Capacitor Start. .1 


_ 


1/250 to 1/3 hp. 
250 to 1/3 hp. 
c. Permanent Split 


Capacitor 1/250 to 1/3 hp 


2. Hysteresis to 200 watts 


w 


Reluctance 


VsDirect Current Motors 


~ 


Shunt Wound 1/2 to 3/4 hp. 


me 


Series Wound 1/125 to 1/30 hp 


Ww 


Compound Wound.1/12 to 3/4 hp. 


Vi Universal Motors 


-_ 


150 to 3/4 hp 





Universal Motors 


For the average application the most 
popular motor type is the universal 
It is designed to operate at approxt- 
mately the same speed and output on 
either direct or single phase alternating 
current, at a frequency not greater 
than 60 cycles, and approximately the 
same rms voltage 

The universal 
mutator and brushes similar to a direct 
current motor but generally operates 


motor has a com- 


at a higher speed 

Inherent characteristics include high 
starting torque, high speed, varying 
speed regulation and small size and 
weight for a given hp output. There 
ure a wide variety of designs and hous 
ings available to serve applications like 
sewing machines, portable tools, va 
cuum cleaners, motion picture proje: 
and mixers 


tors 
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measuring device, servo controller and 


servo motor. The control portion regulates output power to input power through an error signal. 


From Lecture Notes for Internal Company Use by 
American Machine and Foundry Company. 


Selection 


Error M easuring Devices 
Servo Motors 


and Operation of Servo Controllers 


Devices used in the make-up of 
the different types of servo sys- 


tems. Principle of operation, 


characteristics, and commercial 


availability. 


ERNEST WALL 


Electronics Division 


American Machine and Foundry Company* 


A SERVO SYSTEM is a combination of 
elements for the control of a source 
of power in which the output of the 
system or some function of the output 
is fed back for comparison with the in- 
put and the difference between these 
two quantities is used in controlling the 
power. The three elements of the con- 
trolling portion of the circuit are, the 
error measuring device, the servo con 
troller, and the servo motor 

The error measuring device is used 
to measure the difference between the 
actual output and the desired output or 
input. Any difference is sent to the 


*Now with—Th« 
Canada Ltd 


DeHavilland Aircraft of 


servo controller as an error signal E 
The controller actuates the servo motor 
in accordance to some function of the 
error between the actual position of the 
output member and the desired posi 
tion. The servo motor, depending upon 
the error signal, will either speed up, 
slow down or reverse, thus affecting the 
output member and bringing it into 
balance with the input 

As shown above each serves a func 
tional purpose in matching — the 
regulated quantity to the reference 
quantity. The error measuring device 


determines when the regulated quan 
tity is different from the reference 
quantity. It then sends out an error 
signal to the servo controller or ampli 
fier which in turn supplies power to 
the error correcting servo 
motor. With this power the error cor 
recting device changes the regulated 
quantity so that it matches the reference 

The remainder of this article will be 
used to describe the make-up and oper 
ation of units. It is restricted to 
components of an electrical or electro 
mechanical nature 


dev ice Of 


these 


Error Measuring System 


Error measuring systems usually con 
sist of a device or devices that measur« 
the difference between the actual output 
and the desired output or input. 

Any quantity can be regulated, such 
as voltage, speed, temperature, posi- 
tion, direction or torque. Any quantity 
also can be used as a reference quan 
tity. The reference quantity ane not 
be the same as the regulated quantity 
provided the proper error measuring 
device is used. For example, it is pos 
sible to control the ~_— of a turbine 
so that it will vary linearly with outside 
temperature; the speed of the turbine 
being the regulated quantity and the 
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outside temperature being the reference 
quantity. However, most practical prob 
lems want to match two similar quan 
tities, such as regulated position against 
a standard position or regulated speed 
against a standard speed or accelera 
t1i0n 

There are two types of error meas 
(1) where the error 
signal is obtained directly and includes 
synchros, i 


uring Sy stems 


and mechani 
where the error 
signal is obtained by a con parison ol 


transformers 
cal systems; and (2) 
two separate signals and includes po 
tentiometer, differential 
condenser and generator systems 


Hi3 


transformer 





Synchro System 


E-Tronsformer 









Rotor 


Eac 


Stotor 





Synchro 
Generator 


{/nput } 


Fig. 1—In a synchro system an error voltage appears 
when generator and control transformer rotors are 


not matched. 
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of the stator poles. 
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Fig. 2—An error voltage appears, in an E trans- 
former system, when the rotor cover unequal areas 


Table I—Partial List of Synchro Type Data Input and Output Devices 





TRADE 


N 


Autosyn 


AME 


MANUFACTURER 


Eclipse-Pioneer Div 


Bendix Aviation Corp 





Telesyn Ford Instrument Co 
Div. of Sperry Corp 

Teletorque Kolilsman Instrument Corp 

Synchro Kearfott Co., 

Synchro Ketay Manufacturing Corp. 

Selsvn General Electric 

Learsyn Lear Incorporated 

Synchro Arma Corporati 

Magslip Muirhead & Co. Ltd 
Synchro Manufacturers 

Resolver Diehl Manufacturing Co 
Reeves Instrument Corp 

— . Eclipse Pioneer 

’ nesyt . 

. Bendix Aviation Cory 

Tele r Kollsma at Cx 
Doelcam Corp n 

Microsyn ° I 

Synchrotel Kollsman Instrument Cory 


CHARACTERISTICS 


26 v 400 c, 
Angular 
“Pygmy” 


115 v 60 c, G, M, DG, and CTS 
accuracy 15 min.-1.5° Miniature 
26 v 400 c, G, M, DG, and CTS 


Five different sizes of G, M, DG, DM and 
CTS for 115 v 60 and 400 c operation. Angular 
accuracy 18 min.-3 


26-115 v 400 c, 32-115 v 60 c, G, M, and 
CTS. Angular Accuracy 1 


“Precise Synchros” G, M, DG, and CTS. 26 v 
400 c. Angular accuracy 20 min.-30 min 
“High-Precision Synchros”’ G and CTS meet 
ing Bu Ord. specifications, 26 v 400 c. Angular 
accuracy 14 min 


115 v 60 and 400 c, G, M, DG, DM and CTS 
designed to Bu Ord. specifications 
accuracy 6 min.-1° 


Angular 


115 v 60 and 400 c, 
accuracy 10 muin.-2 


G, M, and CTS. Angular 


Sub-miniature rotor and stator of 115 v 400 c, 
G and CTS supplied as two separate parts 
Angular accuracy 1 


26-115 v, 60 and 400 c, G, M, DG and CTS 
Angular accuracy 10 min.-3 
50 v 50 c, G, M, 


15 min.-1 


DG and CTS. Angular 


accuracy 


30, 60, 400 and 1000 c units 
manufacturer Average angular accuracy 
0.1%. Resolvers may be used to perform the 
functions of a synchro generator and a synchro 
control transformer, but find widest applica 
tion in servo systems involving trigonometrix 
operations 


depending upon 


28 v 400 c. Angular accuracy 15 min. Can be 
connected to a synchro control transformer 
via a special coupling transfor 
measuring system 


mer in an error 


26 v 400 c. Angular accuracy 2°. Can be con 


nected to a resolver in an error measuring 
system 

Operating frequency up to 2,000 c. Angular 
accuracy 1 % but over limited angular rotor 
lisplacement (+ 15 Two microsyns can be 
connected together in an error measuring 
system 


60, 400 and 1000 c. Angular accuracy 1°-1.5 
Used as a control transformer with a synchr 
generator in an error measuring system. Very 
low static friction 


CONSTRUCTION 


Synchro Generator (G 
Synchro Motor (M 

Salinet pole single-phase rotor 
three-phase Y-connected stator 


Cylindrica 


Synchro Control Transformer (CT). Cylin 
drical single-phase rotor. Cylindrical three 
phase Y-connected stator 


Synchro Differential Generator (DG). Syn 
chro Differential Motor (DM). Cylindrical 


three-phase Y-connected rotor and stator 


Two phase cylindrical rotor and stator 


Stator winding tapped at 120 and 240 deg 
wound on a permalloy toroidal fon 
Cylindrical permanent magnet rotor 


Single and two-phase windings on stationary 
non-magnetic core magnetically coupled via 
soft iron vane rotor. 


Four pole stator and a two pole rotor of high 
permeability magnetic steel. Each stator 
pole carries an excitation and an output 
winding 


Single and three-phase Y-connected station 
ary windings magnetically coupled via alu 
minum vane type rotor and highly perme- 
able magnetic core 





He 
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Mechanical System 
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Fig. 3—In a mechanical system a displacement ap- 
pears when the input and output positions change. 
Error is designated x in mechanical systems. 


Synchro System 


in the operation of a synchro sys- 
tem, Fig. 1, an error voltage E, appears 
whenever the relative position of the 
synchro-generator and synchro-control 
transformer rotors are not matched. 
The reference position is measured by 
the generator as a magnetic field pat- 
tern that is transmitted to the control 
transformer through the interconnected 
stator windings. If the rotor of the con- 
rol transformer is not exactly 90 deg 
from the transmitted magnetic field 
pattern, E is produced. The magnitude 
of E is proportional to the amount of 
rotor misalignment (position error), 
while the direction of the error is given 
by the phase of error voltage E. This 
error voltage appears as a modulation 
on the excitation alternating voltage 

Characteristics of the synchro sys- 
tem are: (1) high accuracy of control; 
(2) continuous rotation; (3) long op- 
erating life; (4) small driving torques; 
(5) suitable for parallel operation if 
not excessively loaded; and (6) adapt- 
able to remote location of both the 
synchro generator and control trans- 
former 

The accuracy of synchros are limited 
to the accuracy of winding distribution 
and machining tolerances. A dual sys- 
tem can be used whereby a unity syn- 
chro system sets the approximate posi- 
tion and a high speed or vernier system 
set the accurate position. Table I lists 
commercially available synchro type de- 
vices, with trade names and general 
data. Included in this table are a few 
other electromagnetic devices related to 
synchros that are sometimes used as 
data input and output elements 


E Transformer System 


In operation, this 


system, Fig. 2 
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Potentiometer System 
ei 60 
o-c A 8 
Excitotion 
° E re) 








Fig. 4—In the operation of a potentiometer system 
an error voltage appears when the arms of the po- 
tentiometer are not matched. 


Table Il—Partial List of Commercially Available Potentiometers 





TRADE NAME 


Helipot 


Tinytork 


Spiralpot 


Microtorque 


Minigang 


Rectipot 


Precision Potentiometer 


High-Precision | 
Potentiometer 


Translatory Potentiometer 


Micropot 


Ultra-low Torque 


Helical Potentiometer 


Linear M>tion 


Potentiometer 


Multipot 


Precision Potentiometers 


| MANUFACTURER 


The Helipot Corp. 


G. M. Gianni & Co 


Fairchild Camera 
and Instrument 
Corporation 


Technology Instru 
ment Corporation 


The G. W. Borg 
Corporation 


Electro-Mec 
Laboratory 


Van Duke 
Instruments 


Bourns Laboratories | 


Ford Engineering 
Co 


Gamwell Company 


| 


IMPORTANT CHARACTERISTICS 


Standard high precision, single and 3, 10, 15, 
25 and 40 turn. Servo type mount, “ultra 
precision”, single, 3, 10 and 15 turn 


Miniature single 7/8 in. dia very low starting 
torque, negligible running torque 


Slide-wire* multi-turn, (1-20), low-torque 
inertia, infinite resolution 


low 


Single turn, extremely low starting torque per 
mits its direct mechanical connection to sensitive 
indicating devices such as a pressure gauge 
Jewel bearings 


Miniature single turn, servo type mount 
six units can be ganged together 


Up to 


Linear motion (plunger actuated), high accuracy 


Single turn high precision. Up to 20 units of one 
type can be ganged together 


Single turn units can be readily ganged by a 
method which permits individual adjustment 
and phasing of cach potentiometer. 


Linear motion units with two independent 
resistance elements and takeoffs, but with com 
mon slider available. Up to 15 in. stroke lengths. 


10 turn high precision 


Very low driving torque, long life up to 25,000 
000 complete cycles. 


5 and 10 turn submuiniature units, 0.5 in. dia 
case. 
Single and dual linear motion long life—over 


5,000,000 cycies 


1 to 10 turn standard, and minieture high pre- 
cision. Multipots may be ganged to provide dua! 
units. 


Single turn high precision ganged units availabic 





* All other potentiometers listed have helical coil type resistance elements. 
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Table III—D-C and A-C Servo Motor Types 





D-C MOTORS 





SERIES—Poor speed regulation and high starting cur- 
rents make this motor unsuitable for positional servos. 
Ideal for step-positioning devices. Basically a undirec- 
tional device that requires a switching system for bi- 
directional control. 








SPLIT-SERIES—High starting torques. Motor par- 
ticularly adaptable for bi-directional control. It is 
similar to a series motor, but has two oppositely poled 
field windings connected as shown in diagram. 








ARMATURE - CONTROLLED (Shunt ~- Moderate 
starting torques. Shunt motors used in servos are gen 
erally operated as armature-controlled motors with the 
field winding continuously energized from a constant 
voltage d-c power source. Direction of rotation is reversed 
by reversing the armature current 





FIELD-CONTROLLED (Shunt 
fields is usually made high, so that they can be controlled 
directly by vacuum tubes 
constant current d-c source 


SPLIT-FIELD—The split-field 
adapted for bi-directional control. High impedance fields 
suitable for vacuum tube or thyration control. 


PERMANENT-MAGNET 


light 
loss of the magnetic field or shifting of the field poles 


Characteristics similar to those of a 
shunt motor. No power is used in the field. They are simple and 
Their chief disadvantage is that a bad overload may cause 


















Control 
stant volt 
voltoge Constam voltoge 
° 
Impedance of the 
Armature energized from Control Constant 
nell current 
oO —O 
motor is especially Control Constont 
oO 
vo/tage 





A-C MOTORS 





TWO-PHASE INDUCTION--Two 


phase stator consisting of 


two 


distributed windings with their magnetic axes at right angles to each 
other. One phase is called the fixed phase and is continuously excited 


from the reference supply 


The other phase is called the control phase 


and is connected to the output of the servo amplifier. The speed (torque 


of the motor is controlled by 
impressed on the control phase 
not be identical, 


varying the magnitude of the voltage 
The two stator winding may or may 
and if the latter one having the higher impedence is 


used as the control phase. The two stator voltages must differ in phase 


by 90 


The rotor may be wire-wound coil short-circuited upon itself, 


or it may be of the squirrel-cage type, consisting of a number of longi- nee, 


tudinal conductors shorted at both ends 


DRAG-CUP— These motors have two phase stators. The rotor consists 
of an aluminum or copper cup, which is mounted so that the cup is 
free to revolve in an air-gap between the stator and a cyluadrical core. 


The rotor resistance is made 
high in order to obtain the type of speed-torque characteristics desired. 


Contro/ \ 
vo/foge = 
) 


VVV 
Reference | 
voltage : 


The motor torque is developed by eddy currents, set up in the cup. 
The very light aluminum rotors have small moments of inertia giving 


very high torque-to-inertia ratios 


SPLIT-PHASE MOTORS.--Similar to the two phase induction motor 
has two rtator windings called main and auxiliary and a squirrel cage 


rotor. Although normally 
it has been adapted by 
some manufacturers, as they are relatively cheap 


SHADED-POLE MOTORS — Relatively cheap reversible 
shacdied-pole motors are available for servo applications 
Shading coils, which can be separately excited from a 
conventional push-pull electronic control circuits, are 
incorporated in their design. The stator winding is excited 
from the reference supply. The rotor is of the squirrel 
cage type 


it is considered to be a single phase motor, 
bi-directional servo control applications by 


Reference 
voltage 





Hic 


Product 


usually has the rotor coupled to the 
input member while the stator is 
coupled to the output member. There 
is only one position of the rotor that 
gives equal coupling between the 
primary coil C, and the two secondary 
coils A and B. As the secondaries are 
connected in series-opposing, the volt- 
age E is zero for this condition. An 
error voltage appears whenever the 
rotor covers unequal areas of each 
stator pole. When coils A and B have 
unequal voltages induced in them, the 
difference in the induced voltages is E 
The magnitude of E is about propor- 
tional to the amount of rotor displace- 
ment from its null voltage position and 
the phase of the error voltage depends 
upon the direction of movement of the 
rotor with respect to the stator 

Characteristics of the 
system are: (1) high accuracy; (2) 
very small in (3) long life ex 
pectancy; and (4) limited motion be 
tween rotor and stat 

The accuracy of this type unit is 
limited by the machining 
and magnetic fringing 


transformer 
$1Ze; 
or 


tolerances 


Mechanical System 


In the operation of the mechanical 
error measuring 
placement X appears whenever the 
relative input and output positions 
change. The input angle 4,, is meas 
ured as an angle by one side of the dif- 
ferential A, and the output angle @, 
is measured as an angle by the other 
the differential B. The differ 
ence in the two positions rotates the 
middle member of the differential, 
ing a displacement X. The mechanical 
error angle can then be converted into 
an electrical error signal 


system, Fig. 3, a dis 


side of 


PV 


Characteristics of the system are 
(1) accuracy is limited by the gearing 
backlash: (2) continuous rotation is 


possible at reasonable 


high 


and output 


spec ds: anc 
(3) the input shafts must 


be located togethe r 


Potentiometer System 


The operation of this system, Fig. 4, 
depends upon the comparison of the 
two signals, A and B. An error voltage 
E, appears whenever the position of 
the moving arms of the potentiometer 
{ and B, are not matched. Potentiom 
eter A measures the input angle @,, as 
a voltage output 
angle @,, as a voltage 

The characteristics of the system are 


and B measures the 


(1) high accuracy; (2) limited mo 
tion: (3) brush wear limits life; (4) 
can be excited by d-c or a-c voltage 
source; (5) the potentiometer can be 
remotely located; (6) low power rx 
quirements; (7) voltage output 
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5—The error voltage of the differential trans- Fig. 6—In the operation of the condenser system an 


system depends upon the misalignment of the error voltage appears when the arms of the bridge 
movable cores A and B. are unbalanced. 




















a-c 
Excitotion 



































changes in discrete steps as the brush Condenser Svstem (2) © : utator resistar The com 

makes wire to wire contact ™ mutator limits the systems top speed 
The accuracy of the potentiometer is In the operation of the condenser {1 and B can be remotely located and A 

limited by the winding, and multi-turn error measuring system, Fig. 6, an error can be 1 } laced by a battery 

units are used for increased accuracy voltage E, appears whenever the ¢ 

For example {0 turn units are avail arms of the bridge are unbalanced —— \ 

able with accuracies of 0.025 percent Condenser C, measures input angle 4, Sen 1 0 l 1 ator 7 

In general, potentiometers require more and condenser C, measures @,, th 

driving torqu than synchros, however, output angle In most servomechanisms the choice 

they can be supplied, as special units Characteristics of the system at of the type of motor to be used di 

with very low driving torque re (1) accuracies of one deg are possibl pends upon a number of considera 

quirements. Table II is a listing of and (2) negligible loading of the input tions. Some of the most important are 


, 

potentiometer manufacturers, giving and output shafts (1) power source available; (2) type 
: 

tradenames and general catalog infor of control circuit chosen, in particular 


mation on the and lard ty} eS available Fm Generator Svstem 


Differential Transformer An error voltage, E, appears, Fig 
whenever the speeds of the generators generated by the motor on other equip 


System A and B do not match. Generator A ment; (4) effect of environment on 


the choice of the power-control por 


"4 


tion of the servo amy lifier; (3 


ousness of the effect of electrical nois« 





Each differential transformer of the measures input speed w as a voltag motor operation and maintenan f 
error measuring system, Fig. 5, con and B the regulated speed wo, as a volt quired; and (5) the motor characteris 
sists of two primary coils connected in age. The voltage difference is I s. Bas y he consideration of 
series aiding, two secondary coils con The accuracy of the system is lin these points a comparison between d 
nected in series opposing and a mov ited by: (1) generator accuracy and ind a-c servo tors b 


able magnetic core 
The output from the input trans 


former, A, is connected 180 deg out of 


phase with that of the output trans 

I ae ee a D-C Tachometer System 
former, B. The difference voltage, I 
is an a-c error signal whose magnitude 





and phase depends upon the amount 


‘ 


and direction of misalignment of the 





two movable cores that are connected 





to the input and output members 








The characteristics of the system are 
(1) high accuracy; (2) long life; (3) 








Operating frequencies up to 20 kc; and 
(4) remote location of the differential 














transformer is feasible up to a few 
thousand feet 

A number of different types of dif eS 
ferential transformers are manufac Fig. 7—The error voltage in the d-c generator system 
tured. Two of the companies are the appears when the speeds of the generators A and B 
Automat Temperature Control Com do not match. y 
pany Inc, and the Schaevitz ¢ ompany 
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Fig. 8—A two-phase induction motor can be controlled by 
using a vacuum tube amplifier. (A) uses a d-c supply for the 
4 plates, (B) does not need a d-c supply. 
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Fig. 9—A two-phase induction motor of high impedance can 
be controlled by using a vacuum tube amplifier that is smaller 
and less costly than that shown in Fig. 8 above. 
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Engineering 


D-c motors generate commutator 
noise that is objectionable but that can 
be nearly always eliminated by shield- 
ing and filters. A-c motors using slip 
rings are therefore superior. D-c motors 
are usually smaller for the same power 
output and their Starting torques are 
higher than a-c motors. 

D-c motors require more mainte- 
nance than a-c motors. For airborne 
application, the d-c motor brush wear 
is excessive at high altitudes unless 
specially treated brushes are used. In 
general a-c units are more reliable, 
economical and smoother in operation. 

The important servo motor charac- 
teristics are: 


Power rating: The power rating de 


termines the load that can be driven 
by the servo. 


Torque-voltage: Most servo motors 
develop a torque directly proportional 
to the control voltage or current. Since 
in a servo, a high motor control volt 
ige corresponds to a large error signal, 
the motor develops a high torque and 
causes a _ correction when it is 


most neec ed 


Torque-speed: The torque speed char 
acteristics of practically all servo motors 
is one of decreasing torque for increas 
ing speeds for a given applied voltage, 
with maximum torque being developed 
at standstill. The effect of the propor 
tionate decrease in torque with increas 
in speed is the same as would be ob 
tained if viscous friction were present 
in the system. In some servos this con 
stitutes an important part of the servo 
damping 


Torque-to-inertia ratio: the rapid re 
sponse of servo motors to a signal 
voltage is caused by the combined effect 
of the linear torque speed characteris 
tics and the low inertia of the rotor of 
the motor. The ratio of the motor out 
put torque to its rotor inertia is a meas 
ure of how well a motor will be able 
to follow changes and reversals of the 
ontrol voltages. The higher this 
torque-to-inertia ratio, the faster its 
speed of respons¢ The low rotor in 
rtias are obtained by making the 
rotors long with respect to the rotor 
diameter and by choosing light weight 
materials in the rotor 


Smoothness: The smoothness of opet 
ation of a motor is reflected in the 
smoothness of operation of the servo 
system 


Stall Conditions: In some applications 
servo motors may be driven against 
limit stops with full voltage applied 
Most of the servo motors manufactured 
are capable of continuous operation 


1954 Annual Handbook 















AC 
INPUT 


Gunite AC 
INPUT 











H MOTORS, ENGINES AND CONTROLS 














POWER pc 
AMPLIFIER [© QUTPUT 


















































The four methods shown are used to convert or amplify a d-c 
d-c or an a-c output voltage. These are servo controllers. 








Table IV—Partial List of Commercially Available A-C and 


D-C Instrument Type Servo Motors 





MOTOR TYPE 


I wo-phase 
Induction 





Drag-Cup 


Split-Phase 


Shaded -Pole 


Shunt 


Split-Field 


Permanent Magnet 








MANUFACTURER 


Dieh] Manufacturing 
Company 


Eclipse Pioneer Div 
Bendix Aviation Corp 


Ford Instrument Co 


Kearfott Company Inc 


Ketay Manufacturing 
Corporation 


Kollsman Instrument 
Corporation 


Servomechanisms 


Incorporated 


Transicoil Corporation | 


Kolisman Instrument 


Corp 


Holtzer-Cabot 
Incrporated 


Barber-Colman Company 


Electric Indicator 
Company 


Holtzer-Cabot 


Incorporated 


Lear, Incorporated 


Barber-Colman Company 


Servo-Tek Products 
Company, Inc 


CHARACTERISTICS 


60 and 400 cycle, low and high impedance con 
trol fields 


400 cycle. One type has a copper cup attached 
to the rotor which rotates about a permanent 
magnet, causing a drag on the rotor that is pro 
portional to its velocity and thus provides eddy 
current damping 


60 and 400 cycle. Smooth iron rotor which has 
no rotor slots and therefore no rotor cogging 
effect. Control field available with a low imped 
ance, low voltage or a center-tapped 
impedance, high voltage winding. Some types 
have an additiona winding close-coupled to the 
control field which provides feedback voltage for 
servo stabilization 


high 


400 cycle low and high impedance control fields, 
some types designed to Bu Ord specifications 
low impedance, low voltage subminiature type 
available 


Nav Ord specifi 


400 cycle units designed to I 


cations 


60 and 400 cycle, low or high impedance contro 
fields, many types supplied with two phase 
induction generator in same frame for velocit 
feedback stabilization or velocity servo applica 
tions 

400 cycle, low or high impedance control fields 
“Damped Control Motors” have 
attached to motor shaft which rotates in field 
of a magnet. The position of the magnet can be 
screw-adjusted to provide smooth variable vis 


drag cup 


cous type magnetic damping 


60 and 400 cycle, low or high impedance control 
fields 
60 and 400 cycle, high torque-to-inertia rat 


; 


60 cycle, high or low impedance windings 


60 cycle, 
for vacuum-tube drive 


special high impedance shading coils 


Direct current, 6-115 voltage ratings 


28 volt d-c, 4 pole subminiature high impedanc« 
hermetically sealed split-field 


24 volt d-c, integral electromagnetic clutch and 
brake for instant start and stop 


6-115 volt d-c, meets military specifications as 
to radio interference suppression 


Miniature 6-80 volt d-c, special high altitude 
brushes 
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SERVO CONTROLLER 


AC POWER AC 
MODULATOR =F=—"| AMPLIFIER AMPLIFIER = [OUTPUT 
AL 
POWER o AC 
AMPLIFIER AMPLIFIER OUTPUT 
| AC Lee} DEMODULATOR om Pale 
AMPLIFIER AMPLIFIER OUTPUT 


or an a-c input signal to a 


under stalled conditions without over 
heating or additional current consump 
tion. Usually these motors are mounted 
so that an adequate amount of metal in 
the mounting ts available for heat con 
duction. 


Servo Controllers 


The controller actuates the servo mo 
tor in accordance to some function of 
the error between the actual position 
or state of the output member and th 
desired position or state. It includes all 
of the units involved in the 
of the 
for application to the servo motor. The 
ype of controller used depends on 


conversion 


error signal, to a form suitabk 


(1) type of control desired: (2) type 
of error detecting system used; and 
3) type of servo motor chosen. A 


number of manufacturers can supply 
servo controllers (amplifiers) designed 
especially for use with their error meas 
uring devices and servo motors or for 
use with such units of other manufa 
turers. Table V is a partial list of such 
manufacturers with the more important 
amplifier characteristics of the com 
pany's design 

There are many conventional and 
non-conventional designs of a-c and 
d-c amplifiers, modulators and phas« 


detectors in general use. The power 
plifier stage may take many forms 


of the most commonly used 
They are either of 
control 


am 

“ some 
pes are dis ussed 
the continuous variety or the 
ontactor type 


The continuous control power ampli 


fiers are: (1) vacuum tubes; (2) con 
trolled generators; and (3) magneti 
um} lifiers 

The contactor type consists of: (1) 
on-off contactors; (2) relays; and (3) 


hes of various types 


Vocuum Tubes 





signal 





o-c exitotion i 
























rror signol 
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(A) 


Fig. 10—Two typical power 
amplifier circuits that are 
used to drive a split-series d-c 
motor. Cireuit B requires a 
higher grid voltage than the 
d-e cireuit shown in A. 





(B) 




















current 
d-¢ supply 


: Constant 





Fig. 11—To drive a split-field d-c motor the field coils are connected 


directly to the plate cireuits of the amplifier. 


Fig. 12—The control of large 
amounts of power with or- 
dinary vacuum tubes can be 
done by using a d-c generator 
to supply the armature volt- 
age for the motor. 


Controlled Generator 
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Generotor field---->" 


the split series motor 


This type of 





Continuous Control 


For controlling an a-c two phase in 
duction motor with a low impedance 
control field, a vacuum tube amplifier, 
Fig. 8, can be used. The control field of 
the motor is connected through an out- 
put transformer to the plates of the 
output tubes. In the single stage ampli- 
her shown, an input transformer is used 
to obtain a push-pull a-c voltage pro- 
portional to the error signal, that is 
applied to the grids. This a-c reference 
must be in phase with the error meas- 
uring device excitation voltage. The 
condenser primary of the 
output transformer tunes the output, 
improving wave shape and efficiency 
A d-c power supply is required for the 
plates 


across the 


Circuit B operation is similar but re 
quires no d-c supply for the plates 

For a two phase induction motor of 
high impedance a vacuum tube ampli- 
fier, Fig. 9, can be used that is smaller 
and less costly than the low imped 
unce unit. The split control field of 
the motor is connected directly into the 
plate circuits of the push-pull power 
amplifier As will be noticed the out 
put transformer is eliminated 

Two typical power amplifiers, Fig 
10, used to drive a split series d-c mo 
tor are shown. The top figure is for a 
system with an a-c supply only while 
the other uses a d-c plate supply. 

When a-c supply, F, and 
F, are the two oppositely poled field 
windings. The alternating plate volt 
ages are applied 180 deg out of phas« 


using an 


The error signal is applied to the grids 


is a d-c differential signal along with 
1 negative bias 


Whe rea d ( 


plate supply is used, B 
iS connected in 
the cathode circuit of the 


drive tubes 


rcuit requires a higher 


Controlled 
generotor 








Servo motor 


d-¢ 
M Field 
excitation 





Drive motor 
for generotor 














grid driving voltage than the d-c 
circuit. 

To drive a split-field d-c motor, Fig 
11, F, and Fs, the two field coils, are 
connected directly into the plate cir- 
cuits of a push-pull power amplifier. 
The armature is constantly excited 
from a d-c source. The resistors con- 
nected across the motor fields limit the 
transient voltages that may appear 
across the winding caused by sudden 
changes in tube current. 

A widely used method of d-c motor 
control, Fig. 12, is to use a d-c genera- 
tor to supply the armature voltage for 
the motor while the motor field is ex- 
cited from a d-c supply. The output 
voltage of the generator 1s controlled 
by controlling its field current by 
vacuum tubes. This system allows the 
high power gain of the control genera 
tor to control large amounts of power 
with ordinary vacuum tube power 
amplifier circuits. A disadvantage of 
the system is the need of an a-c or 
d-c motor to drive the generator, mak 
ing a total of three rotating machines 
Also the time lags associated with the 
controlled generator field are often too 
large for the type of servo time re- 
sponse desired 

The application of magnetic ampli- 
fiers for the control of servo motors 
is growing steadily. This is because they 
possess certain advantages when com 
pared to the electronic power ampli 
fier. The most important of these are 
(1) power is drawn directly from the 
a-c source making d-c supply unneces 
sary; (2) no filment reduced unit 
failure; (3) they require no warm-up 
period; and (4) they are vibration 
and shockproof because of rugged con 
struction 

The simplest magnetic amplifier is 
the saturable reactor that has two wind 
ings, an a-c power winding and a d- 
control winding wound on a common 
magnetic core. When the power wind 
ing of such a device is inserted between 
a source of a-c power and a load, the 
impedance of the reactor and thus the 
voltage applied to the load can be 
varied by controlling the d-c current 
thorugh the control winding. As the 
power requirements of the control 
source is less than the controlled power 
supplied to the load, the magnetic 
amplifier is a good power amplifier 
Many of the magnetic amplifiers used 
are of the “‘self-saturating’’ type in 
which a selenium rectifier is placed in 
series with the power winding. This 
prevents the core from becoming de 
magnetized by the a-« supply and great 
ly improves the gain and response of 
the magnetic amplifier 

A very popular type of magnetic 
amplifier is shown in Fig. 13A. It con 


sists of two identical saturable trans 
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Fig. 13—A magnetic amplifier that consists of two identical 
saturable transformers is shown at (A). In (B) the transformer 
is used to control a two phase servo motor. 
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Fig. 14—The simplest contactor unit is the on-off type. If the 
input and output shafts are closely located the synchro system 
can be replaced by a mechanical differential. 
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Fig. 15—Relays vibrating at the frequency of the reference 
voltage can be used to control split series motor. (B) and 
(C) indicate relay positions when an error signal is introduced. 
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Fig. 16—Two magnetic particle clutches in a bi-directional 
control system. Drive motor rotates the input members of the 
clutches in opposite directions. 
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formers. Each transformer has a pri- 
mary winding, a secondary winding 
and a control winding. The primaries 
of the two transformers are in series 
aiding, the secondaries in series oppos- 
ing. Thus, at balance, the output is 
zero. The d-c in the control winding 
saturates the core and reduces the in 
ductive coupling between the two. 

Using the above amplifier, Fig. 13B, 
B, shows the control of a two phase 
servo motor. The control windings are 
connected directly to the plates of the 
push-pull amplifier. The plate voltage 
is obtained from the a-c line. The out 
put voltage reverses in phase relative 
to the reference voltage as one of th 
two transformers becomes more satu 
rated than the other. The phase of the 
error signal determines which trans 
former will be saturated to a greater 
extent and, therefore, controls the 
phase of the output voltage. The ampli- 
tude of the output voltage is propor 
tional to the amplitude of the error 
signal 

A partial list of manufacturers is 
given in table VI, with tradenames and 
general catalog information 


Contactor Types 

The simplest contactor unit is the 
on-off type servo control system, Fig 
14. If a suitable contact-making ar 
rangement is fastened to its shaft, a 
synchro motor can control a split-series 
d-c motor which drives the load and 
at the same time repositions the stator 
of the synchro motor until a null posi 
tion is reached by the contacts. If the 
input and output shafts are located near 
one another, the synchro system can be 
replaced by a mechanical differential 
the output of the differential carrying 
the contacts 

The use of relays to control servo 
motors is gaining popularity as mor¢ 
sensitive and more reliable relays ar 
designed. Fig. 15 shows the control of 
a split-series motor where two sensitive 
relays are placed in the plate circuits 
of a push-pull power amplifier. Th 
relays are vibrated at the frequency of 
the reference voltage applied and for 
qual currents in the coils (zero error 
signal) the relays make and break 
unison resulting in a zero net voltag 
to the motor Howevs rf, an error sigi 
will drive the grid of V, more pos 
tive and that of V. more negative. R 
lay No. 1 will operate while No. 2 will 
release and the motor rotates in a ccw 
direction. Sketches (B) and (C) illus 
trate the conditions of opposite error 
signals 

There are several varieties of clutch 
type servos, all performing about th 
same. Friction clutches are presently 
used extensively but magnetic fluid and 
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dry particle clutches are now coming 
into general use. (See Power Trans- 
mission.) The chief advantage of the 
clutch-type servo is its rapid response 
It does not take nearly as long to bring 
an output shaft up to speed by clutch 
ing it to a running motor as it does 
to start a motor and bring the motor 
up to speed. The torque output of a 
clutch servo is high and the torque-to- 
inertia ratio is roughly 10 to 40 times 
higher than that of a servo motor 
drive. 

The use of two magnetic particle 
clutches in a bi-directional control sys- 
tem is shown, Fig. 16. The drive motor 
is arranged to rotate the input members 
of the two clutches in opposite direc- 
tions. The output shafts of the units 
mesh with the output shaft gear. The 
direction of rotation of the output 
shaft is determined by the polarity of 
the excitation applied to the clutch 
coils, while the torque is proportional 
to the differential excitation of the two 
coils 

Among the manufacturers that can 
supply magnetic particle clutches es 
pecially designed for servo applica- 
tions Duncan and Bayley; Lear, 
Incorporated; Raymond Engineering 
Laboratory Inc., Vickers Electric Div. 
of Vickers, Inc., and Eaton Manufac 
turing Company 

The references, given below, should 
be consulted if more general infor- 
mation is required on any of the in 
dividual components as to operation 
Literature from 
the manufacturer listed or others, will 
give more detailed information on 
specific components as to operation, 
haracteristi 


are 


or other characteristics 


cs and unit costs 


REFERENCES 
1. S. W. Hurwald, “Fundamentals of 
Servomechanisms, How to Select 


and Apply them,” Product Engi 
neering, June, 1946 
» S. F. Blackburn “Components 


Handbook, Vol 17, MIT Radiation 
Laboratory Series,””’ McGraw-Hill 
Box Ik Co. Inc 


3. I. A. Greenwood, J. V. Holdam, D 
MacRae, “Electronic Instruments, 
Vol 21, MIT Radiation Laboratory 
Series,’’ McGraw-Hill Book Co, Inc 


i. J. R. Stonall, “Tranducers-Sensing 
Elements for Electrical 
Manufacturing, April 1950 
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T. C. Johnson, ‘Selsyn Design and 
Application Electrical Engineer 
ng, Oct 1951 

6. W. J. Deerhake, A. C. Hall, “In 


strument Servomechanisms,’’ Special 


Device Center, distributed by the 


U. S. Dept of Commerce, Office of 


Technical Services 
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Table V—Partial List of Commercially Available Servo Amplifiers 





TYPE 


Push-Pull Vacuum 
Tube Output 


Transformer Output 


Saturable Transformer 
Output 


Magnetic Amplifier 
Output 


Relay Output 


Push-Pull Vacuum 
Tube Output 


Transformer Output 


Transformer Output 


Table ViI—Partial 


MANUFACTURER 


Avion Instrument 
Corporation 


Industrial Control 


Company 


Keystone Products 
Company 


Magnetic Amplifiers, 


Incorporated 


Minneapolis Honey 


well Aeronautical 
Division 


Reeves Instrument 
Cor poration 


Servo Corporation 


of America 


Servomechanisms 
Incorporated 


CHARACTERISTICS 


Sub-miniature tube, plug-in, 400 cycle; one type 
designed for a-c error input, two-phase induction 
motor control via external transformer; another 


type designed for d-c error input, split-field 
d-c motor control 

60 and 400 cycle, d-c or a-c error input, a-c 
output suitable for low impedance two-phase 


induction motor control, contain necessary net 
works for servo system stabilization 


“Moto Mag” 400 cycle servo amplifier with 
single vacuum tube demodulator for a-c input 
control of two-phase induction motors 


60 and 400 cycle, hermetically sealed tubeless 
magnetic servo amplifiers, “‘stabilizer"’ available 
to allow for stabilization adjustment for different 
gear ratios and inertias, two-phase induction 
motor control 


400 cycle, a-c error input two relays in amplifier 
output circuit, for control of split-series d-c 
servo motor 


60 cycle, d-c and a-c error input, high impedance 
two-phase induction motor control, one type 
suitable for dual upeed synchro error measuring 
systems 


60 cycle, output transformer has a tapped 
secondary winding for proper impedance match- 


ing to control fields of different two-phase 
induction servo motors. 400 cycle, “reluctance 
amplifier’ d-c or a-c error input, a-c motor 
control 


60 cycle, compact plug-in unit, a-c input, plug-in 
stabilization networks. 400 cycle, miniature, 
hermetically-sealed, plug-in, meeting USAF 
specifications, a-c input, 60 and 400 cycle units, 
outputs suitable for low-impedance, two-phase 
induction motor control 


List of Commercially Available Magnetic Amplifiers 





TRADE NAME 


Saturable Transformer 


Amplistat 


Magnetic Amplifier 


Saturable Reactor 


Magnetic Amplifier 
Power Magnet 
Amplifier 


Magnetic Amplifier 


Transductor 


Magnetic Amplifier 


Magamp 
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MANUFACTURER 


Eclipse-Pioneer Div 


Bendix Aviation Corp 


General Electric 


Company 


Genera! Precision 


Laboratory, Inc 


Kollsman Instrument 


Corporation 


Kar!-Douglas 


Associates 


Magnetics 


Incorporated 


Magnetic Amplifiers 


Incorporated 


Sperry Gyroscopx 


Company, 
Vickers Electric 


Ltd 


Vickers, Inc 


Westinghouse 


Electric 


c 


orp 


Div 


CHARACTERISTICS 


Saturable transformer type 400 cycle, especially 
designed for manufactuer’s two-phase induction 
motors 


Self-saturating type, 60 and 400 cycle, d-c con 
trol, a-c or d-c output, amplistat discriminator 
available for a-c control, plug-in type 


Saturable transformer type, 400 cycle, designed 
to meet military specifications 


Saturable transformer type, 400 cycle, 
designed for manufacturer's two-phase induction 
motors 


especially 


Self-saturating type, 60 and 400 cycle standard 


but higher frequency units can be supplied 


Push-pull d-c control, a-c output, 400 cycle 


Saturable transformer and self-saturating types, 
60 and 400 cycle with d-c control and a-c output, 
60 cycle with d-c control and d-c output, mag 
netic demodulator available for a-c control 


Saturable transformer type, 400 cycle 


Self-saturating type, 60 and 400 cycle, d-c of 
a-c control with d-c output, rectifiers 


supplied separately 


and a-c 


Saturable reactor and seclf-saturating type, 60 


cycle, d-c control with a-c output, rectifiers sup 


plied separately 
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The Significance of WK’ 
and How to Calculate It 


This article originally appeared in our October 1934 issue. Since that time, 


individual requests for reprints have far outnumbered any article ever published by 


Product Engineering. This demand over a span of 19 years has influenced the editors to bring 


the material up to date and republish it for the new generation of engineers. 


JOHN W. HARPER 


General Electric Company 


WHENEVER AN ELECTRIC MOTOR is to 
be used in an application where it 
must start or reverse many times per 


minute, one of the first questions asked 
is: “What is the inertia, or 
WK2, referred to the motor shaft? 
Usually this request is met with a blank 
look. While 
function, its importance and usefulness 
little 
Many mechanical design 


external 


it is strictly a mechanical 


seem to be known, or if known 
disregarded 
ers seem to have trouble in calculating 
this quantity, WK 


confused 


] | 
and also seem to 


have ideas concerning th 


power require d for acceleration. In real 
ty the problem is comparatively simple 


being one of kinetic energy as far as 


\o 
50 
\0 
Str 40ft 

405 rpm /O5 rpm 

Torque=/00x%5 Torque = 50x10 
= 500 /b-ft = 500 !b-f? 

/ 
=/0 Ap =/Ohp 
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the mechanical designer is concerned 

Every moving body has stored in it 
an amount of kinetic energy 
tional to the product of its mass and the 


propor 
square of its velocity. To increase the 
velocity of a body there must be dé 
livered to it an amount of energy equal 
to the 


Sesse d by 


difference in the 
the body at the 


energies pos 
final and 
initial velocities, neglecting losses. It is 
evident that when 


machine must be accelerated to a high 


large masses in a 
velocity in a short space of time, the 
power required may be many times 
greater than that needed to keep the 
after the velocity 
vident that 
mass of the body has 


machine in motion 


has been attained. It is also « 
changing the 
much less effect on the energy required 


than changing the velocity of the body 


Considering a body of mass M mov 
ing linearly at a velocity of V ft per 
sec, the kinetic energy of this body ex 
pressed in foot pounds will be 


E = 14 MV? (1 


In this equation M represents the 
mass of the body, the unit of mass be 
“slug.’” Numerically, M in 


“slugs’’ is equal to the weight in pounds 


ing called a 


2.2 the accelera 


divided by 4 

tion due to gravity 
With reference 

the mass of the 


tributed around the 


rt per se 


to rotating bodies, 
, : 
body as actually dis 
center of rotation 


is mathematically equivalent, insofar as 


its kinetic energy is concerned, to the 
whole mass concentrated at a certain 
radius K, called the radius of gyration 
from the axis of rotation. The linear 


Horsepower values are simply found by knowing the torque and speed of a rotating body. 





‘ 

62 itt 9 
105 rpm 40,000 lb Moves 66 tin 8 min | 
J 











Torque=500x/ 
* 500 /6-f?t 
Horsepower = Cork “] 


=/0 hp 
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velocity of the concentrated mass at 
radius K ft will then be 2xKN ft per 
min, where N represents rpm. Dividing 
this by 60 to reduce to ft per sec and 


using W/32.2 for mass M, equation 
(1) then becomes: 
W K? N? 
ns ft lb 2 
Siz 


This is the first appearance of WK*. 
It is merely the weight of the body 
times the radius of gyration squared 
Since the kinetic or energy in 
the body is directly proportional to it, 
it is commonly known as “moment of 
inertia,’ although strictly speaking, 
moment of inertia is WK*/ 32.2. How 
ever, in developing the most common 


stored 


) 


ly used formulas, the factor 32.2 dis 
appears or is absorbed in the constants 


W K> itself 


medium of 


Hence remains as a con 
calculation and is 


moment oF in 


venient 
generally known as 
ertia’’ even though incorrectly 

The energy as calculated from Eq 
(2) merely represents the input to the 
rotating body itself bears no 
definite relation to the the 


driving motor during acceleration. It is, 


and 
input to 


therefore, less confusing to determine 
torque at the motor shaft 
The input from 
correspond to this 


the actual 
to accelerate 
will then 


necessary 
the line 
value of torque 


Torque Calculations 


This torque can be readily deter 
mined by considering the angular ve 
locity of the body. From the experi 
mentally established physical law, F 
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MA, which states that the force neces 
sary to accelerate a body is equal to the 
product of its mass and its acceleration, 
the following fundamental equation 
has been derived for JT, the 
tion torque 


accelera 


7 1 @, lb ft 


In this equation, / is the true moment 
of inertia and is equal to WK?/32.2 
@ is the angular acceleration of the body 
expressed in radians per sec per se 
and, assuming constant torque, 1s equal 
to the final angular velocity » divided 
by the time ¢ required to accelerate 


from rest. Thus, where N is the final 
angular velocity in rpm 
w Qn N 
7) or @ 
t oO 
Then, substituting in the funda 


mental equation 


W A 2x N 
| l@ : 
32.2 HO 
or 
W A-A 
/ lb it 
S08 


It should be noted here that Eq (3) 
assumes constant angular acceleration 
up to the final velocity of the machin 
Therefore, if the 
constant but 


acceleration is not 
increases Of decreases as 
the machine gathers speed, this equa 
tion will not give accurate 
Nevertheless, even though the accelera 
while the 
coming up to speed, it is possible in 
some cases to make use of this equation 


results 


tion does vary machine is 
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as will be explained later in the text 

Also Eq (3), as stated above, covers 
the condition of starting from rest. Ii 
the body had already been running at 
some speed N, and the torque neces 
sary to increase the speed to Ny were 
being calculated, the value of N in the 
equation would become (N» Ni), 
assuming both speeds to be in the same 
direction. If the speeds had been in 
opposite directions, it would be neces 
sary to use the algebraic differences, or 
the arithmetical sum, in calculating 7 
However, rather than do this it ts 
preferable to calculate in two stages 
first from the original speed down to 
zero, and second from zero up to the 
final speed. The reason for this ts that 
during deceleration the friction torque 
and frequently the load torque, assist 
in the during 
acceleration these torques oppose the 
motor torque. Hence, the total torque 


retardation; whereas, 


required in accelerating is greater than 
the calculated 7 
ing it is less. Calculating in two steps 


whereas in decelerat 


simplifies the computation and mini 
mizes any errors in adding or deduct 
ing the friction and load torques 

At any rate, a glance at Eq (3) im 
that the 


necessary to accelerate a rotating body 


mediately discloses torque 
depends directly on the value of the 
term WK2—hence, on the body's mo 
ment of inertia. Thus, once the value 
of WK2 is determined, it is relatively 
simple to determine the horsepower re 
quired for acceleration, Fig. 1, by mak 
ing use of the familiar equation 


Torque X N 


5 2A } 


HP 


Equivalent WK* 
In the above equations the factors 
WK? and N pertain to the rotating 
Normally in 


a machine the ro 


body or machine element 
the power train of 
tating parts, such as gears and drums 
rotate at a different speed than that of 
motor. To calculate the 
torque required to accelerate 


the driving 
such a 
system, the WK? of each moving part 
is reduced to an equivalent WK,? about 
shaft, usually the motor 
and then the WK,2 of the re 
spective parts are added together 

The K.? of a 


ferred to the 


a common 
shaft 


rotating 
shaft 
by means of the energy Eq (2) 


part re 
motor is obtained 
thus 


rpm of the motor 


I 
energy 


where N,, is the 


shaft the kinetix in the rotating 


W K* W K* (N/ N,)* ) 


in other words, the WK,? of a part 


Hes 
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Vig. 2—Gear trains are used to increase or decrease the speed and torque ratio between the motor shaft and the output 
shaft. Thus, a low speed motor with a high torque can produce a lower speed and higher torque at the output shaft 
after passing through reduction gearing. 
running at a speed different from that motor. If their speeds are higher, the Which torque is greater depends upon 
of the motor is the same as the WK? of accelerating torque is obviously in- the ratio of the speeds of the shafts 
that part times the square of the ratio creased. Where 
of its speed to that of the motor. It For example in a motor-driven pulley ; ; . 
| ata wi H. horsepowe! delivered by motor 
will be readily seen from Eq (5) that or gear train, Fig running at con haft 
. 4 « . sna 
with a reasonably large gear ratio be- stant speed, disregarding frictional horsepower delivered by output 
P d é orsepower delivers Vv output 
tween the motor and the driven ele- losses, the horsepower delivered by the shaft 
ments the effect of the latter on the motor equals that of the output shaft | torque on motor shaft, lb ft 
accelerating torque is minimized—as But the torque imposed on the motor 17’, = torque on output shaft, lb ft 
suming of course that the driven parts shaft may be greater or less than the Vm = speed of motor shaft, rpm 
run at a speed slower than that of the torque on the output shaft of the train Vo speed of output shaft, rpm 
FT alt « TN 
Hy H 
/ ms : 5.250 5.250 
Fig. 3—The total equivalent WK® of the gear train and rack and pinion must be - at 
found before the input torque or the output torque can be calculated. Therefore the torque T,, at the motor 
shaft that results from a torque T, at 
the output shaft is 
Loed P Lood P , 
ToNe 
re ( 
N . 
These relations between horsepower 
TI lat I I | 
Wiaten Svive short and the effects of introducing speed 
speed No 
Fa i changes in a drive, such as the use of 
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spec d reduc ers, are 
erations | 


important consid 
g a motor that will 
produce a desired torque 


ectin 


in S¢ 


Linear Motion 


The above discussion has dealt with 
rotating parts exclusive ly. In many ap 
plications there is a combination of 
rotating parts linearly moving 
parts. Therefore, to determine the ac- 
celerating torque for such combinations, 
it 1s mecessary to re duce the mathemati- 
cal consideration of the linearly moving 


and 


parts to a basis equivalent to that used 
onsideration of 
the latter generally being based on the 
spe ed at the motor shaft 


for the rotating parts 


The linear speed of a concentrated 
mass at radius K ft will be, as stated 
2rKN ft per min, where N 

represents the rpm. Then the energy is 
1,M(2rKN)? for the rotating body 


previously, 
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Table I—WK _ of Parts 


Weight, W 



























Radi f ation, K 
Part eee i - — w = weight per cu in. 
— of material, ib 








Circulor cylinder — 
‘b about its own axis 


0.354 D 1,360 wLD? 170.4 wLD* 


eed No 
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Circular cylinder — 
about axis at one end 








0.144 \/ 3D? + 161? | 1,360 wLD? 196 wLD? [3D* + 161?) 
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Circular cylinder — | 
about outside axis 
Ht -O, fr ->4 








0.144 y/ 3D? + 16L? + 48dL + 48d? | 1,360 wiD? | 196 wiD? [3D? + 16L? + 48dL + 48d?) 
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Holiow circular cylinder — 
about its own axis 
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Right elliptical cylinder — 
about its own axis 
a, Wht, 


va f ; < a? + b? a? + b? 
a) a ee Ba 4 4 | 5,426 abwh 5,426 abwl | 2° 
o,f » . | | 4 
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Rectangle — 
about its own axis 


i ft | | 0.289 \/a? +e | 1,728 abew 144.5 abew [a? +c] 
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Rectangle — 
about axis at one end 


0.289 \/a? + 4¢? 1,728 abcw 144.5 abew [a? + 4c] 
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Rectangle — 
about outside axis 
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Table Il—Approximations for 


Calculating Moments of Inertia 





NAME OF PART 


Fly Wheels (not applicable to belt pulleys 


Fly Wheel (based on total weight and out 
side diameter 


Spur or helical gears (teeth alone 


Spur or helical gears (rim alone 


helical total moment of 


Spur or 


inertia 


gears 


Spur or helical gears (with only weight and 
pitch diameter known 


Motor Armature (based on total weight 
and outside diameter 


MOMENT OF INERTIA 
Moment of inertia equal to 1.08 to 1.15 
times that of rim alone 


Moment of inertia equal to 2/3 of that of 
total weight concentrated at the outer 
circumference 


Moment of inertia of teeth equal to 40 
percent of that of a hollow cylinder of 
the limiting dimensions 


Figured as a hollow cylinder of same limit 
ing dimensions 


Equal to 1.25 times the 
teeth plus rim 


sum of that o 


Moment of inertia considered equal to 0.60 
times the moment of inertia of the total 
weight concentrated at the pitch circle 


Multiply outer radius of armature by fol 
lowing factors to obtain radius of gyra 
tion: 

Large slow speed motor 0.75 to 0.85 

Medium Speed d-c or induc 
tion motor 

Mill type motor 


0.70 to 0.80 
0.60 to 0.65 
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and %MV? for the linearly moving 
body. Equating these two expressions 
and substituting W/32.2 for M to ob- 
tain pounds, the equation is 


W K* (29)? N? wy 7 


referred to the motor shaft, 
the equivalent WK.? of a part moving 
in a straight line is similarly 


Then, 


W K, (24)? N,,? 


HW } - 
39.48 \ 


Equation (8) is valid only when 
the velocity V bears a constant relation 
to the motor speed N, as in the case 


wy 


W K* 


of a rack engaged with a pinion on the 
motor shaft. Conversely, for reciprocat 
ing parts, Eq (8) cannot be applied 
directly because such parts have a vary 
ing velocity that attains a maximum in 
one direction, retards to zero, and then 
attains a maximum again in the op 
all, while the motor 
is running at constant speed. In such 
cases, obviously, much more complex 


posite direction 


mathematical considerations are neces 
sary in order to apply the principle of 
Eq (8), but these are beyond the scope 
of this discussion 


Combination Drives 

Nevertheless, by the use of Eqs (5) 
and (8), the calculations on all parts of 
a machine, that either rotate or move 
linearly, can be reduced to the mathe 
matical corresponding to the 
speed of the driving motor or to any 
other reference speed After the sum 
mation of the WK?, of all parts has 


basis 


been made, the torque required to ac- 
celerate can be calculated from Eq (3), 
and the horsepower from Eq (4). The 
factor N in (3) and (4) is, of course, 
the speed of the motor, or the reference 
speed, since all parts have been re 
duced to that speed by the summation 
of the part inertias 

For example, to compute the total 
WK, at the drive shaft for the power 
train Fig 3, shown 


Where 


} lineal 
per min 

1 total W K? of 
drive shaft 

B total W K* of rotating parts on inter- 
mediate shaft 


velocity f rach und load, ft 


rotating parts on the 


C = total W K? of rotating parts on final 
shaft 

D WV? of lineally moving rack and load 

\ rpm of drive shaft 

\ rpm of intermediate shaft 

\ rpm of final shaft 
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WK?,= total WK2, referred to drive 
shaft for complete power train 


WK?, = A+B (N,/N,)? 4+ 
C (N,/ N.)? + D/39.48 N2, 





Torque required at the drive shaft to 
accelerate this WK2, load from rest 
to a drive shaft speed of N, rpm in ¢ 
sec from Eq (3) ts 


_ WKN 
To Ib ft 
3081 
In a machine where the motor is 
coupled directly to the drive shaft, the 
T, tequired at the motor shaft to ac- 
celerate the WK. of the load and the 





WK, of the motor is 
‘ WK2, + WK2,) N 
, 308 1 


When the motor is connected to the 
shaft of the machine by a belt, 
the motor having a speed of N, rpm 
and the drive shaft a speed of N, rpm, 


drive 


the torque T,, required at the motor 
shaft the WK, of the 
load referred to the drive shaft and the 
WK? of the 


shaft is 


to accelerate 


motor referred to its 


WA? (N \ 


308 1 


In addition to the torque required 
for additional 
required to overcome load torque, fric 
tion torques and break-away torques 

Torque at the drive shaft caused by 


load P from Eq (6) is 


acceleration, torque 1S 


TN 
ij lb ft 
\ 
or at the motor shaft 
- 7 \ \ 


Torque that results from the friction 
on parts such as bearings and gears 
windage, and break-away torque caused 





by the static friction of oil and greas« 
in bearings, are often large enough to 
be considered These torques can be 
expressed in terms of equivalent torque 
1” 

same procedure as with other torques 


To start and accelerate a machine and 


at the motor shaft by using the 


to overcome load and friction torques 
therefore, the motor must produce a 


Table I11—Weight of Metals 





Pound per Cubic Inch 


Magnesium 0.0628 
Aluminum 0.0924 
Cast iron 0.260 
Steel 0.282 
Copper 0.318 
Bronze 0.320 
Lead 0.411 
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torque 7 on its shaft such that 
1 


T=T.,+T'n +7" m 


Radius of Gyration 

It will be seen from the previous 
discussion that WK? has a habit of 
popping up almost anywhere and that 
it is not only convenient but is an al 
most indispensable tool in the techni 
cal kit of those interested in determin 
ing accelerating torques. In fact, before 
any of the foregoing equations can be 
solved, the value of this quantity must 
be determined. The calculation of the 
weight W’ is simple. The determination 
of K 
cated. To simplify such calculations 
Table 1 includes the radii of gyration, 
the weight and the WK?, for various 
forms of bodies and for various axes of 


however, is relatively compli 


rotation of these bodies, as shown by 
the illustrations 

In most practical problems the actual 
rotating body will seldom correspond 
exactly to any one of the forms shown 
here. In every instance it may 
be resolved into parts, each of which 


however 


agrees absolutely or very closely with 
one of the forms in Table I. For ex 
ample, a spoked flywheel can 
be separated into a rim, corresponding 


usually 


to Form 4; spokes, each corresponding 
to Form 3 or 8: and a hub 
ing to Form A. If the 
webbed, the web would also correspon 
with Form A. The moment of inertia 
W’ K2 of the wheel will be equal to the 
direct sum of the 
of all the parts as calculated s« parately 


orrespond 


flywheel is 
i 


moments of tnertia 
axis of rotation 
shaft. Each 
separate calculation will simply be the 


each about the same 


usually the center of the 
weight of the particular part being con 
sidered multiplied by its radius of gyra 
tion squared. In ordinary 
the radius is always taken in feet and 
the taken 
otherwise specified 

In many instances it is not necessary 
to calculate each individual part 
exactly. If the flywheel has a heavy rin 
and is relatively large in diameter, it is 
usually sufficient 
and then add a percentage for th 
spokes and hub, since they are lighter 


calculations 


weight n pounds unless 


to calculate the rim 


and are nearer the center and henc« 
have a lower K. In the case of motor 
armatures, calculations without actual 


design data are usually based onlv on 
the weight and outside diameter. Table 


II gives values for K which are suit 


able for approximate calculations 
Table IIT and Fig. 4 can also be used 

In arriving at approximate figures 
for the moments of inertia, the man 


ner in which short methods involving 


coefficients and ratios should be used 


should depend on the later use which 


is to be made of the values so deter 
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mined. In a mill table, for example, the 
energy stored in the rollers and the 
other rotating parts serves no useful 
purpose, but is a necessary ev il incident 
to the use of heavy moving masses For 
such an application, it is always con 
servative to over-estimate rather than 
under-estimate the moments of inertia 
On the other hand, where a flywheel 
is used for reducing the peaks, in which 
case the moment of inertia of every part 
is useful, conservatism requires that in 
the consideration of this useful effect 
of the flywheel and other rotating parts 
the amount of inertia should be under 
estimated rather than 
But, in this same application, when it 


over-estimated 


comes to estimating the power required 
to start from a given time, of 
the capacity of controller required for 
starting, the moment of inertia should 


rest in 


be over-estimated rather than under 
estimated 
Now, having found out what a 


highly important part the moment of 
inertia plays in problems involving 
acceleration and having discussed ways 
for determining this value, 
certain practical points to be considered 


there aré 


The two factors making up this quan 
Since the 


problem as a 


tity are weight and radius 


latter enters into the 


squared 
| 
has a greater effect on inertia than in 


Doubling the 


quantity, increasing the radius 


creasing the weight 


weight, for example merely doubles 
the inertia, provided the radius remains 
the same, but doubling the radius 
while the weight remains constant 


Hence 


parts to be 


ncreases the inertia four times 
in designing high-speed 
started or reversed frequently. it is of 
first importance to keep their diameters 


to mak 


we ight as possible 


small: next them as light in 


Even though high spec d may not be 


involved, should the number of re 


versals or starts exceed, say eight or 


ten per min these factors should 


be arefully 


Sar 


conside re d 


Influence of Speed 


To calculate torque and horsepower 


is encountere d 


another factor speed 
It can be 


that in determining the hors« power to 


seen from Eqs (3) and (4) 


accelerate a mechanism the inertia fa 

tor enters into the calculation only once 
is there twice or as a 
squared quantity. Thus, though th 
WK? should be kept low. it 
does not usually cause as much troubl: 
Often the 


this point is ove rlooked by designers in 


but the spec d 


value of 















as high speed importance of 


which starts or re 


To have 


least expenditure of 


laying out a drive 


verses frequently 1 mechanisn 
reverse with the 
energy, the speed of its parts must b 
kept at the 


Frequently motor 


minimum 


turers re 


H29 


inula 








TORQUE DETERMINES PHYSICAL SIZE OF MOTOR 





1200 rpm 
2 horsepower 


1800 rpm 
3 horsepower 








Fig. 5—The torque of a motor is fixed 
by its mass or size for speeds greater 
than 600 rpm. Hence, higher speeds 
produce greater horsepower for the 


same size motor. 


3000 rpm 
5 horsepower 


TORQUE PRODUCED BY FRAME 225 


ceive requests to supply reversing mo 
tors that are to run at 1,800 rpm. It 
is usually more desirable to use motors 
running at 900 rpm or not more than 
1,200 rpm. The horsepower necessary 
to accelerate the 900 rpm motor is only 
4, of that required for the 1,800 rpm 
motor plus what may be required to 
take care of the somewhat greater WK? 
of the slower-speed motor. Usually th: 
gain from the reduced speed is much 
greater than the loss from increased 
WK. However, with the use of th 
slower speed, the external inertia, as 
suming no change, becomes a bigger 
percentage of the total. Actual calcula 
tions are frequently necessary to arrive 
it the | 


proper compDination of motor 
speed and th speed of the external 
load 
For example a drilling hine fr 
juires a 12 ton feed pressure and the 
f ed Spec 1 varies fron 14 to 6 in per 
min. No load rapid traverse speed is 
50 ft per min. Frictional load at all 
speeds is 600 Ib and for practical put 
poses is essentially constant 
Horsepower ri uired fe f 1 
iximum speed is 
12 & 2,000 + 600 6/12 
H 
33.000 
0.373 hp 
Horsepower required for rapid tra 
verse 1S 
600 200 
j } 
3.000 l 


Ho 





Instead of using one 5 hp adjustabl 
speed motor to drive both feed and 
traverse, it would be much more eco 
nomical and satisfactory for the d 
signer to use a 1/3 hp adjustable speed 
motor for the feed, and a one speed 

hp motor for the traverse. A 5 hp ad 
justable speed motor would cost mor¢ 
than a 1/3 hp adjustable speed motor 


notor 


as small as possible Too, the use of 
aluminum or aluminum alloys is often 
desirable for high-speed pulleys and 
sheaves. One example will illustrate. 
In a certain motor application the mo- 
tor was burning up far too frequently 
In checking up on the trouble, it was 
found that the motor had to start and 
stop many times each minute. Further, 


plus a 5 hp one speed motor with only about a 2:1 reduction, next 
In addition, a 5 hp adjustable speed to the motor, the pinion was almost 
would have a smaller speed as large in diameter as the armature 

range than a 1/3 hp adjustable S| } and was a solid disk. By increasing the 


motor 


In connection with this 
Eq (5) will bring out another point in 
regard to speed t 
equivalent inertia of rotating parts, th 
square of the speed also enters into th 
calculations 
1 gear train between the m 
lriven 


th reduction 


Importance of Light Weight 


arts, it 


possible 


otor and with no further reductions 


coursé 


smaller 
difficulty was 


reduction ratio and 
light-weight 


liminated 


using 


reference to pinion, the 


When finding th 


, Motor Selection 


And now we consider what app 


} 


He nce, 


irs 


if there is t / A, 
if there is to b applications 


where motors overheat on rapid-revers 


to be a paradox. In certain 
‘tor and tl 
is advisable to mak 


ng or frequent starting cycles it is pos 
next to the motor as 


sible to remedy the trouble by putting 
In this way it is fr 


in smaller motors. This is due to the 

possible to disregard the in fact that in very many cases the inertia 

parts beyond perhaps th f the motor rotor is the biggest factor 
ond reduction. For exampl in the acceleration load. For this r 

| reduction adj t to th son, a specification by a machine de 


signer of the horsepow¢ r required for 
+h, . 


otor shat 


nth the effect on 


1 reversing job, when he has not a 

tually calculated 

very little 

portion of the cycl poses a very 
great load, work done will 
very likely be in reversing th 

bs Hence to call for a 

motor shaft. such as_ tor, just because it is bigger and, it 

or pinions, should be kept 


the inertia, means 
Unless the actual working 
most of the 
motor 
on rapid reversing jo 3 horsepower mo 
of the ; 


would S m ought t I better fi I 
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the cycle, when two horsepower is 
enough, defeats its own purpose. In 
calling for a motor for a reversing 
cycle, it is, therefore, much better to 
specify the inertia of each part of the 
machine, or the equivalent inertia at 
the in-driving shaft, and the speeds, 
together with the loadings, over the 
cycle. Then, from this information it 
is possible to pick out the motor which 
has the best torque characteristics for 
the job. 

For example, a 2 hp two-speed mo- 
tor (1,800/900 rpm, single winding, 
open frame, continuous duty, frame 
size 225) was used to drive a grinder 
This motor became too hot and 
windings burned out. The me- 
chanical designer decided the motor 
was deficient in horsepower. Since 
space was limited, the designer's so- 
lution was to substitute a 3,600/1,800 
rpm, two-speed 3 hp motor using the 


fee d 
the 


same frame. With the higher speed 
motor, burnouts were worse than be- 
fore 


Investigation revealed 

1. Motor was stopped and reversed 
by plugging at rates as high as 25 times 
per min. Also on some cycles the mo- 
tor speed was changed as frequently 
as 10 to 15 times per minute 

2. Torque required for operation 
was about 0.7 lb ft. This torque was 
essentially constant at all speeds 

Substituting a motor having the 
same size frame and twice the speed 
was not a correct solution, because the 
higher speed motor has a lower torque 
speed curve, that is, the area under the 
curve smaller. The acceleration 
torque delivered by the motor, there 
fore, will be less 

When a motor is plugged from one 
direction to the reverse, the heat gen- 
erated in the motor is approximately 
four times that generated in starting 
The heat generated depends upon a 
motor design ratio factor 

It was evident that high tempera 
ture resulted not from running load, 
but from inrush current at starting. 
plugging and speed change. Since a 
motor frame Fig. 5, produces constant 
torque, the frame 225 will produce 
practically the same torque at lower 
speeds 

The losses resulting from the inrush 
current could be calculated, but the 
cycles were so different that the answer 
would be indefinite: The practical so- 
lution was to build a 900/450 rpm 
motor and rate it 34 hp, and to make 
suitable pulleys and belt changes to 
obtain correct final speed. This motor 
produced 41/4 Ib ft torque at the high 
speed. Test proved this motor satis 
factory. 

Later tests proved that a frame 204 
hp about 114 lb ft 


is 


about 


gave 


or 
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torque at 900 rpm, which was ample 
Lower speeds lowered inrush current 
and also resulted in a lower W 

In most cases the speed of the motor 
is higher than that of the rest of the 
mechanism. In some few instances the 
reverse is true, and the motor speed 
is less. In such an application a knowl 
edge of the inertia of each part is of 
the utmost importance. A 2:1 increase 
in speed means that the inertias of the 
higher-speed parts must be multiplied 
by four to place them on an equal basis 
with the motor. While in themselves 
they may not amount to much, such 
multiplications soon bring the external 
inertia up to, or in excess of, that of 
the motor. As a result, the power for 
accelerating both motor and load may 
be of considerable magnitude 

Having found the horsepower re 
quired, having made whatever assump 
tions were necessary, and having taken 
all factors into consideration, it then 
becomes necessary to select the proper 
type of motor. The actual determina- 
tion of horsepower can be made by the 
machine designer, but the selection of 
the type of motor is properly the func 
tion of some one familiar with motor 
characteristics and design 

The four principal types of squirrel 
induction motors are i 
(a) Normal torque, high starting cur 
rent; (b) Normal torque, low starting 
current; (c) High torque, low starting 
current, low slip; (d) High torque, 
high slip, relatively low current. A com 
parison of the torque-speed curves is 


cage as follows 
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The first two are considered general 
purpose motors and usually are suitable 
for a limited number of reversals per 
minute or for not too-frequent start 
When the starting service is se 
vere, with heavy inertia loads to ac- 
celerate, type (c) is applicable. It also 
finds use for moderately frequent re 
versal when the running load between 
reversals is appreciab sle. The fourth 
type (d), finds its widest use where 
heavy starting loads are encountered 
and where the running load is low, for 
instance on valves, or on moving tool 
heads or carriages of machine tools. It 
is also widely used on reversing appli- 

itions where the number of reversals 
is very frequent, and where the major 
portion of the load is occasioned in re 
versing the motor rotor itself, with - 
tle actual running load. This type 0 ; 
motor, because of its high slip, is i 
admirably adapted to machines such as 
for it can slow down 


ing 


punch presses, 
under load and allow the flywheel to 
give up some of the kinetic energy 


The selection of the motor charac- 
teristics and design are properly with- 
in the province of the motor man once 
the machine designer has established 
the horsepower required to give the 
rate of acceleration desired. Too often 
this information is lacking, and any 

ommendations made under the cir 
can, at best, be only ap 
proximations. The remedy is simple 
the mechanical engineer will make the 
calculations, outlined above, and in 
clude with his request for motor rec 


umstances 

















































































shown in Fig. 6 for these motors and ommendation, the answer to the ques 
for d-c motors with full voltage (e) tion: “What is the external inertia or 
and (f) a resistor step starter W’K2. referred to the motor shaft? 
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(A) 


Fig. 1—Typical torque and horsepower curves for (A) in- 2,200 rpm, the engine (A) has excellent lugging character- 


dustrial engine and (B) high speed engine. At 2,000 to istics, while (B) is suited for constant load applications. 
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Small Air Cooled Engines 


- How operating conditions affect torque and horsepower capacity 


- Types of drives - Methods of mounting - Design features to check 


A. F, MILBRATH 


President and 


W isc Motor 


nsin 


WHEN SPECIFYING an internal com 
bustion engine for equipment drives 
these factors should be considered 

should have 


a tactor of safety of 


1. Engines sufhicient 


apacity to insure 


> 


0 to > percent 


Between high and low speed en 


} 


gines, the latter have longer life, but 


first cost is higher 
3. In take-off couplings, the 


to be pret rred 
1 


flexible 
typ S are 

1. A 
n heavier equipment, to 
the load and to mak 


clutch is desirable, especially 

disconnect 

engine starting 
In oper where the air is 

loaded with dust or chaff 

ntake sct ns should be 
6. An 


should 


it1Ons 


cooling 


oil bath 
always 


arburetor 


to avoid vibration 

8. There should 
cooling air to the 
and also to the hot 
engin ind recir 


fly wh 


valve seat inserts should be used to in 
sure long life 
10. Valve 
siderable value in prolonging valve 
life, and with Stellite 
tute an excellent combination for heavy 


rotators are also of 


con 


valves, consti 
SCrvV ice 

11. An experimental test installa 
tion is strongly recommended before 
final specification 

Of course, the problem varies some 
But while this 
article discusses only 4-cycle air-cooled 


what with engine type 


gasoline engines, many of the same 
principles apply to engines in other 


classifications 
Selecting the Proper Engine Size 


aircraft, air-cooled en 
usually 


Exclusive of 
gyines are 
ranges from about 1 to 30 hp. Larger 
ngines are being built and, depending 


applied in SIZ¢ 


on the 


inherent cooling characteristics 
performing satisfac 
bulk of appl 


equipme nt 


( quipme¢ nt 
However, the 
ations are on 


ibout 30 hp or less. The smaller 


requir ny 


about 8 or 9 hp are usu 
from 8 to 


rines up to 
ully single cylinder types 

hp two cylinder engines are preva 
nt, while 15 hp, four cylin 
] 


used 


above 
der models are commonly 


Within 


nes have se\ 


cooled en 


ral inherent advantages 


these ranges, air 


they are light, 


trom 


weight varying 
20 Ib hp ror a 


with 


around 14 to 


Product 


typical single-cylinder engine operating 
at 2,600 rpm to about 12 to 15 Ib hp 
for a typical 4-cyinder unit running at 
1,800 rpm; 
ments are low, since ther« 
water pump 
langer of the engine boiling or freez 


auxiliary power require 
is no radia 


tor fan or there is no 


Ing, and no maintenance on fan bear 


INLS, belt, or water pumps; and first 
cost is low 
In selecting an engine of t 


the initial step is to determine 
horsepower requirements of the driven 


lc vad 


On equipment of entirely new de 
difficult to ascertain 


the amount of power necessary. In such 


often 


sign, it 1S 


instances, a rough estimate of the 


horsepower range is made and one or 
more sample engines bracketing the 
range obtaine d for use on < xpe rimen 
tal models of the In othe: 
applications, it is possible to calculat 


equipme¢ nt 


which the 
hors« power can be easily determined 


required, from 


the torque 


Or, as ts not uncommon, the new piece 


of equipment may be another 


a line of 


size in 


machines. In this case, th 


ower determination can be made on 


a prope yrtional basis 


Less frequent though none the less 


mportant is the occasion when it is 


desired to change the sour of power 


' , 
trom an electri gasoiin 


Pine I lectri¢ 


motor to a 
motors afr rated on an 
basis than are 
Most electric motors 


entirely different 


con 
bustion engines 


will develop 5 percent more power 


than their rating during a period of 


or two hours, and. for short me 
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riods, may carry 50 percent overload. 
Gasoline engines, on the other hand, 
are rated at the maximum power that 
a new engine will develop on a dyna- 
mometer test conducted at an ambient 
temperature of 60F and a sea level 
barometric pressure of 29.92 in. of 
mercury. For every 10F rise in tem- 
perature, there will be a reduction in 
power of one percent, and for every 
inch drop in barometric pressure, there 
will be a 3.5 percent loss. Also, for 
every 1,000 ft of altitude, a power 
loss of 3.5 percent takes place. Thus, 
for average atmospheric conditions, 
the actual power of a gasoline engine 
is about five to seven percent less than 
the standard rating. If altitude is a Flange coupling Flexible coupling 
factor, the loss is appreciable, reach- 
ing a figure of 35 percent at 10,000 
feet. 

Also, in keeping with good indus- 
trial practice, a gasoline engine is not 
generally operated continuously at Fig. 2—Power take-ofls for 
maximum output, so that there is a air-cooled engines. Fluid 
factor of safety in the form of reserve couplings also are used to 
power Most engine manutacturers cushion shock loads or to 
recommend that this factor be 20 to permit gradual accelera- 
5 percent below rated power. If the tion of high inertia loads 


latter figure is assumed, the recom- in some specialized appli- 
cations. 






































mended operating horsepower for con- 
stant duty becomes 75 percent of the 
standard rating. Actually, duty cycle 


varies with different applications. (See 
Table I) "Vv" belt sheave 








To illustrate the procedure for con- 
verting from electric to gasoline en- 
gine power units, consider a machine 
that has been equipped with a 10.0 
hp electric motor. As discussed above, 
this motor can deliver 10.0 plus 25 








percent or 12.5 hp for short periods 
On the basis that the gasoline engine 
is to operate at not over 75 percent 
of its rating, the replacement engine 
should have a rating of 12.5/0.75, or 
16.7 horsepower 























In general terms, the gasoline en 
gine should have a rating at least 67 








Reduction geor without clutch 
percent greater than the electric motor 
it replaces. This applies to both air 
and liquid cooled engines for sea level 
operation under standard atmospheric 
conditions. If the application is at alti 
tude, a further allowance must be 
made, resulting in some instances. in 
an engine having twice the power rat 


ing of the electric motor 


Engine Speed and Torque 








Once the power requirements of a 
design are known, the next considera 
tion is engine speed, which is closely 
related to the horsepower and service LU 

















life. The larger engines with their in i _f — all 


creased bearing surfaces and lower 
speeds, naturally require less frequent Manually engaged clutch Centrifugal clutch with"V" belt drive 








servicing and give longer, more 


trouble-free life than the smaller 
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high-speed engines of the same horse- 
power rating. The initial cost of the 
larger engine is greater but more fre- 
quent servicing can easily bring the 
cost of a smaller engine up to that of 
the larger one. Conversely, the smaller, 
higher-speed engine has advantages 
where lighter weight and smaller in- 
stallation dimensions are important, 
as well as relatively low first cost. 

Torque is, of course, closely asso- 
ciated with speed. For most installa- 
tions, an engine with good lugging 
power is desirable, and in some cases, 
essential. This is especially true in 
tractors, harvesters, and hoists, where 
the load frequently increases consider- 
ably above normal. If the character- 
istics of the engine are such that the 
torque will increase with reducing en- 
gine speed, the tendency for the in- 
creasing load to reduce engine speed 
is resisted and the engine will “hang 
on.” In short, it will have good lug- 
ging qualties, as indicated by Fig. 1 
(A). If the normal operating speed 
of the engine is 2,000 to 2,200 rpm, 
the maximum lugging properties will 
result. 

If however, with this same curve, 
the normal operating speed of the en- 
gine is held at 1,400 rpm or below, 
stalling of the engine may occur easily 
when the load is increased. Such an 
increase will cause engine speed to 
reduce, resulting in a decrease in 
torque and causing a further reduc- 
tion in speed until the engine finally 
stalls abruptly, unless the load can be 
quickly released. In Fig. 1 (B) are 
performance curves of a typical high 
speed engine with maximum power 
output at top speed. The torque curve 
in this case is flat and the engine is 
not as desirable for agricultural or in 
dustrial type installations 

The question often arises as to what 
engine speed will provide the best 
cooling. The velocity and volume of 
cooling air delivered by the combina- 
tion fan-flywheel vary directly as en 
gine speed Since horsepow er increases 
less rapidly than engine speed, espe- 
cially in the upper ranges, there is 
more cooling air available per horse 
power at higher speeds than at lower 
speeds. Also, the more intense scrub 
bing action of the higher velocity air 
against the cooling fins is a further ad 
vantage in favor of the higher engine 
speeds 

Cooling requirements, of course, 
vary with different applications, and 
are dependent on such additional fac 
tors as ambient temperature, duty cycle 
and engine location 


Type of Drive 


The selection of the type of drive 


H34 


between engine and driven a 
brings up a number of considerations. 
(See Fig. 2). There are various direct 
drive applications where the engine is 
provided with a crankshaft extension 
suitable for mounting a flange coupl- 
ing, a flexible coupling, a sheave or 
pulley for V-type or flat belts, or a 
sprocket for a chain drive. 

A plain flange coupling is the least 
desirable of the above power take- 
offs, as great care is mecessary in 
alignment to prevent binding of bear- 
ings. Even if a perfect job of align- 
ment is made originally, springing of 
the base on which the engine and 
equipment are mounted might occur. 
This applies also to equipment hav- 
ing an overhanging shaft that must be 
supported by an outboard bearing. 
Such a bearing must be carefully 
aligned on a rigid base on which the 
engine is also mounted. Flexible 
couplings oz belt drives eliminate this 
alignment problem. 

In many instances a clutch is re- 
quired between the engine and equip- 
ment so that the power may be en- 
gaged or disengaged at will. A manu- 
ally engaged clutch is the most com- 
mon type in use on agricultural or in- 
dustrial equipment. The housing for 
such a clutch is bolted to the end of 
the crankcase and centered by a pilot 
fit. On the end of the clutch shaft, 
the same methods of take-off may be 
used as mentioned above for mount- 
ing directly on the crankshaft. 

Where automatic engagement and 
disengagement are desired, a centrifu- 
gal clutch may be used. These clutches 
can be furnished to engage at any 
speed between 500 and 1,200 rpm and 
the load pick-up is smooth and gradu- 
al. Typical applications for such 
clutches are refrigerating machines 
with thermostatic control for the start- 
ing and stopping of the engine 

Clutches also make starting of the 
engine easier. It is often impossible 
to start an internal combustion en 
gine rigidly connected to the load 

An exception and an excellent ap 
plication of direct drive equipment is 
the centrifugal water pump, where the 
pump housing is centered and bolted 
to the crankcase of the engine, the 
impellor is mounted on the crankshaft 
extension and finally the pump cover 
bolted in place. Another is the direct 
mounted generator, where the field 
frame is mounted through an adaptor 
housing to the crankcase and the arma 
ture is mounted on the crankshaft ex 
tension. In these applications, the 
equipment runs at engine speed 

There are many applications where 
a speed reduction between the engine 
and machine is necessary. If the reduc 


Table I—Duty Ratings 


Key: 1—Continuous Duty 
2—Intermittent heavy duty 
3—Variable load duty, heavy 
4—Variable load duty, light 


INDUSTRIAL SERVICE 
1—Standby units 


3—Air compressors 
3—Floor sanders 
4—Shop trucks and welders 


MUNICIPAL SERVICE 


3—Street sweepers and flushers 


3—Sanitary pumps 
3—Pipe thawing rigs 
4—Diesel starting units 


MINING 


3—Horizontal & diamond drills 


3—Rocker shovels 


Co) 
°o 


‘Not over 75% load 


8 


8 


Load, percent 


" 
°o 


0 
Time 


(A)—Continuous Heavy Duty 


tion is not too great, it may be ac- 
complished by belt drive, but often a 
gear reduction is preferable. Gear re 
ductions can be furnished in ratios 
up to 4 for the larger engines, and up 
to 6 for the smaller sizes. Many of 
these reductions can be furnished in 
either enginewise or counter-engine 
wise rotation, and either with or with 
out clutches. Some can also be assem 
bled to the engines with the take-off 
shaft offset in either one of several 
directions 


Design Features 

There are many design or construc 
tional features that can be specified for 
an air-cooled engine, but perhaps the 
most important of these can be sum 
marized as follows 

Open or enclosed units. The open 
engine is used on a great many in 
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for Combustion Engine Application 


RAILWAY MAINTENANCE 


3—Tampers 

3—Tie adzing machines 
3—Railway maintenance cars 
3—Rail grinders 

3—Weed cutters 

4—Rail leveling machines 


AGRICULTURAL EQUIPMENT 


1—Irrigation pumps 

3—Combine harvesters 
3—Hay balers, tractors 
3—Insecticide sprayers SPECIALIZED SERVICE 


3—Rotary tillers 1—Airport service units such as 
3—Potato harvesters air compressors, hydraulic 


CONSTRUCTION MACHINERY 
(Cont.) 


3—Diaphragm pumps 
4—Hoists and power saws 





3—Mowers pumps and generators 
3—-Spreaders, dusters 1—Weed burners 
HIGHWAY NANC 
HWAY MAINTENANCE cree 2--Refri ood i 
1—Road rollers 2—Paint sprayers 
1—Bituminous sprayers 1—Lighthouse units 2—Portable fire fighting equip- 
2—Conerete cutters 1—Water oxygenation units ment 


rs 3—Graders 3—Inboard marine engines 


3—-Underwater weed cutters 


CONSTRUCTION MACHINERY 
1—Centrifugal pumps 


3—-Miniature railways 


3—Water purification units for 
armed forces 


3—Cable reelers 

3——Lawn mowers and rollers 
3—Post peelers 

3—Portable showers for armed 


OIL FIELD EQUIPMENT 


1—Well drills and pumps 
1—High pressure pumps 
2—Pipe wrapping machines 
































Ils 3—Pipe straightening machines 3—Concrete surfacing machines forces 
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(B)—Typical Intermittent Heavy Duty (C)—Typical Variable Load—Heavy (D)—Typical Variable Load—Light 


stallations, especiaily on agricultural mended, and greatly prolongs the life eral types of valve rotators have been 
equipment. It has the advantage of of the engine. In dusty operations, such deve loped in recent vears. These d 
accessibility and the free exit of the as agricultural installation, a pre-clear vices cause a slow rotation of the val 


cooling air from the engine er located fairly high so as to be above during the time the valve is lifted off 


However, there are many installa the heavy dust level will greatly re ts seat by the camshaft, so that each 


tions where the house-type unit is duce the frequency of the servicing time the valve seats, it is in a new px 


preferable. For instance, on contractor's 


equipment which must often be left 


operations on the main air cleaner 
Cooling Air Intake Stacks. Where’ the valves wear uniformly and it also 


sition. This movement tends to mak« 


unattende d on streets or building pro} 
ects, it is advisable to lock up the 
units to prevent tampering. Also 
where engines are mounted on such 
machines as belt conveyors or ele 


vators, protection to the engine ts pro 


there is considerable chaff, grass, straw 
or similar material in the air, means 
must be provided to prevent it from 
entering the cooling system and clos 
ing the air passages or cooling fins 
This is done by installing an intake 


retards any build-up of lead and car 
bon deposits on valve seats 

There are two leading types of ro 
tators, the positive and the fr type 
In the first, as the name implies, the 


mechanism positivels rotates the valve 


vided against falling sand, gravel, and stack at the combination fan-flywheel while in the latter, the spring tension 
coal. When operating house-type units, opening in the air shroud on the valve is released when the valve 
the side doors or panels should al A circular rotating screen attached s lifted, so that the valve may turt 
ways be removed to allow free exit of _ to the crankshaft of the engine in front freely. Both add greatly to valve lift 
the cooling air of the flywheel opening is sometimes and when especially hard service is ex 

Air Cleaners. All engines should be used instead of an intake stack pected from engines, Stellite or similar 


equipped with efficient air cleaners 
The oil bath type cleaner is recom 
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Valve Rotators. To further reduce 
the frequency of valve servicing, sev 
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valves with rotators are well worth the 


addit onal cost nvolved 
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Fig. 7—Centrifugal fly ball sensing element is the most 
widely used type. Sketches show significant parts and how 
the unit reacts when subjected to speed changes. 


MANY DIFFERENT KINDS of governors—mechanical. hy- 
draulic, or electrical—are used on internal combustion en- 
gines serving as prime movers. Each includes at least two 


components: a speed sensing element, and a device to 
operate the fuel flow. The accuracy of speed control pos 
sible with a governor depends on the sensitivity of the 
S] ed sensing element 


The vane type element, Fig. 1, is used to control the 
throttle on small engines such as those powering lawn mow- 
ers. A flat vane placed in the air blast from the cooling fan 


H3.6 


+ Fuel 












































Speed 
overnors 
ombustion 


Seven different speed sensing elements 


How three main kinds of governors work: 


is connected to the throttle valve. Increasing speed increases 
the blast, causing the vane to pivot and close the throttl 
There are certain obvious limitations to such a unit. Forc 
output is small, therefore accuracy depe nds on friction and 
inertia of the moving elements. Also, the forces on the van¢ 


vary with the velocity of air, which is not a precise function 


of engine speed, and the barometric conditions of tempera 
idditional material for this article was supplied by the Wood 


wd Governor ¢ mpany, R ckford Il 
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to measure output of prime movers. 


Mechanical, Hydraulic, and Isochronous. 


ture, pressure and humidity. But for applications that re- 
quire inexpensive control to a rough approximation, the 
vane type sensing element is adequate 

More accurate control is possible with a variety of de- 
vices that produce an output force more directly dependent 
on engine speed 


Hydraulic. One such unit uses a centrifugal pump han 
dling a fluid like engine oil (Fig. 2). In the hydraulic 
circuit the pressure varies as the square of the speed so that 
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Fig. 8—Mechanical governor translates movement of speed- 
er rod with lever arm so that small power output of speed 
sensor is multiplied slightly to operate fuel control valve. 


at high speeds appreciable force change results from com 
paratively small speed change. The major disadvantage is 
that the pressure also depends on the density of the fluid 
pumped. That makes it temperature sensitive to a degree 
considered objectionable in many applications that must 
have exact speed control 

A similar arrangement involves pumping fluid—with a 
gear pump at a rate proportional to speed—through an 
orifice (Fig. 3). The pressure drop across the orifice is 
taken as an indication of speed. This arrangement is also 
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Fig. 9—Hydraulic governor with speed droop lever to im- 
prove stability. Power piston multiplies limited output of 
sensing element so that a small fly ball can control rather 


large prime movers. 
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Fig. 10—Comparison of hydraulic governors with (below) 
and without (above) permanent speed droop. 
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temperature sensitive, more so than the previous design 
since pressure is a function of both viscosity and density 


Electrical. Evolved to increase accuracy of the sensing 
element, electrical methods rely on generators to produce a 
speed dependent output. One widely used system employs a 
small d-c generator with fixed field excitation driven by the 
prime mover (Fig. 4). The open circuit voltage of the 
generator is proportional to speed. Fuel regulation is ob- 
tained by applying the voltage to a solenoid that controls a 
valve working against a spring. Valve position is a func- 
tion of speed. 

But as soon as appreciable power is drawn from the gen- 
erator, variations in Circuit resistance caused by temperature 
changes or deviations in brush resistance introduce in 
accuracies. 

An improvement to eliminate discrepancies arising from 
changes in brush resistance is illustrated in Fig. 5. The d-c 
generator has given way to a permanent magnet rotating 
field alternator whose output is rectified. Even in this ele- 
ment, temperature sensitivity is still present. In addition, 
if the output is taken at low power level to avoid resistance 
effects, the signal requires amplification to a useful level 
that might introduce error 

In another electrical scheme, the frequency of a perma 
nent magnet, rotating field alternator provides an exact in 
dication of speed. When fed into a frequency sensitive net 
work, it produces an output at a very low power level and 
requires amplification (Fig. 6). Since frequency sensitive 
networks are also voltage sensitive, additional precautions 
must be taken or the exactness of the speed indication is lost 


Mechanical. Probably the oldest and most widely used 
sensing element is the centrifugal fly ball (Fig. 7). The 
force required to restrain the weights is proportional to the 
square of the speed of rotation and the first power of their 
distance from the axis. There is a unique position of ball 
head and speeder rod for each speed of rotation. Equilibrium 
depends on a balance between centrifugal force and that 
force exerted by the springs. 

Included among the advantages of the fly ball sensing 
element: simplicity, sturdiness, relative insensitivity to tem 


perature changes, easy adjustment for speed setting, and a 
useful output at fairly high power level 


Types of Governors 


In most applications, direct control by the speed sensing 
element is impractical. The usual practice is to use a mechani 
cal multiplying linkage or a servo 

A simple mechanical linkage (Fig. 8) is inexpensive and 
to maintain exactly 
the same engine speed regardless of load 

When load is applied to the engine, its speed decreases 
As a result, ball arm speed falls with the engine speed; 
centrifugal force of the flyweights is reduced so the spring 
this movement is converted 
into more fuel for the engine. Engine speed rises but does 
not reach the original speed. When load is removed, engine 
speed decreases and the governor acts in the opposite man 
ner to supply less fuel 


satisfactory where it is not necessary 


forces the speeder rod down 


the final 
steady speed of the engine is less after load is picked up 
and higher after load is dropped because the power of the 
flyweights moves the throttle directly by mechanical means; 
lower speed is necessary to hold the fuel valve farther open 

For many applications a reasonable amount of permanent 
speed droop is satisfactory. But these limitations of the 
should 1) Sensitivity is 
poor because the spe ed-measuring device must also furnish 


Mechanical governors have this characteristic 


mechanical governor be noted 
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most of the force for moving engine fue! controls; 2) Power 
output of the governor is relatively small; 3) Speed droop 
is unavoidable, and the governor cannot provide truly con- 
stant speed where it is needed. 

To overcome some of these difficulties, there are hydraulic 
governors (Fig. 9) capable of more sensitive control and 
greater power output. The power to move the fuel adjusting 
mechanism comes from a hydraulic power piston or a servo- 
motor. 

The speeder rod is connected to a pilot valve that sup- 
plies fluid to the piston or servo-motor. It is designed so 
that only small forces are necessary to move the valve, allow- 
ing a small fly ball unit to control a large amount of power 
at the piston. 

Simple hydraulic governors have one limitation: they 
“hunt” because of the time lag between the governor action 
and the engine response. Hunting can be reduced by design- 
ing the governor so that the engine throttle c= take only 
one position for any one speed. When a load change causes 
a speed change, resulting governor action ceases at the point 
that supplies the amount of fuel needed for the new load 

To illustrate this, consider the governor in Fig. 10 when 
the load increases. As the heavier load is applied the speed 
falls, allowing the flyweights to move in and lowering the 
pilot valve. This action permits oil to flow into the power 
cylinder and moves the ro upward. As the power piston 
rises it carries the speed-droop lever upward, reducing the 
speeder-spring force 

The reduced force allows the ball arms to move out; 
raises the pilot valve; and reduces the flow of oil to the 
power piston which slows the upward motion of the piston 
When the ball arms reach the vertical position, the pilot 
valve closes the ports and the piston stops moving 

Hydraulic governors are not isochronous, that is, they do 
not provide identical speeds for all loads. Also any speed- 
droop adjustment is inconvenient because it is built inside 
the governor. On the other hand, such governors are rela- 
tively inexpensive, fairly accurate and sensitive, and more 
powerful than their mechanical counterparts. 

For the application that requires constant speed regardless 
of load there is a so-called isochronous governor (Fig. 11) 
This device uses temporary speed droop to supply stability 
while fuel flow is being corrected. The droop is gradually 
removed as the engine reacts to fuel correction and returns 
to its original speed. 

To accomplish such an action, the governor consists of 
two hydraulic pistons connected by an oil passage and a 
needle valve. Droop action is applied by the two pistons; 
droop removal occurs as oil escapes from the oil passage 
through the needle valve 

When the load is increased, engine speed decreases, al 
lowing the fly balls to move inward. This lowers the pilot- 
valve plunger so that oil enters under the power piston, 
forcing it upward. Movement of the power piston forces 
the actuating piston downward, displaces oil under the re 
ceiving piston, forcing this latter piston upward to compress 
the upper spring and lift the pilot valve plunger. Movement 
of the receiving piston is transmitted to the pilot valve and 
tends to move the pilot valve so it closes the control ports, 
stopping further movement of the power piston 

As the engine responds to the fuel change, its speed ap- 
proaches its original value, permitting the fly ball weights 
to become vertical again. At the same time the upper spring 
starts pushing the receiving piston down to its normal posi- 
tion; the floating lever tilts about the pilot-valve pivot pin. 

The needle valve opening, which is adjustable, determines 
the rate at which the receiving piston moves downward. At 
proper setting, the rate of return of the receiving piston 
exactly matches the rate of return of the ball arms 
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Fig. 11—Synchronous governor. When load increases, speed 
decreases: fly balls move in, speeder rod moves downward 
opening pilot valve so it delivers oil under power piston. 
Then droep is applied and removed. 
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Applying droop (above): power piston moves up. Remov- 
ing droop (below): fly balls straighten. 
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Developments to Watch 


ATOMIC ENERGY. Nuclear 
power plants are no longer possibili- 
ties—they're fact. That makes the sub- 
ject of atomic power the top develop- 
ment to watch. 

Fact Number one. Engineers and 
scientists of the Westinghouse Electric 
Corporation and the Atomic Energy 
Commission are testing a full sized 
land-based prototype of a submarine 
nuclear power plant at Arco, Idaho. A 
similar unit will be installed in an 
ocean-going submarine by the end of 
1954. Fuel for the submarine units is 
Uranium 235, the fissionable isotope 
The Westinghouse design uses water 
as a moderator and as the agent of heat 
transfer 

Fact Number two. This year General 
Electric will complete a submarine 
power plant, similar in design to West- 
inghouse’s but using liquid sodium as 
the heat exchanging fluid, instead of 
water. The metal will circulate through 
the pile, picking up heat; it will give 
up its heat to water in an external heat 
exchanger 

Fact Number three. Breeder reactors, 
the piles that manufacture their own 
fuel as they generate heat by fission, 
have performed satisfactorily at AEC 
installations. This year will see more 
data and improved designs coming 
from such experiments. Using a mix- 
ture of fissionable Uranium 235, and 
non-fissionable but convertible to fis- 
sionable material Uranium 238, the 
breeder reactor appears to be the eco- 
nomic answer to commercial generation 
of electricity 

Four separate combinations of indus- 
trial companies and electric utilities 
have studied the possibilities of gener- 
ating electricity in commercial quan- 
tities with nuclear power plants. Al.- 
though each team has their own ap- 
proach to the problem, all plan to re- 
place conventional coal or oil burning 
furnaces with a nuclear reactor. Their 
cost estimates for a single station range 
from fifty million to one hundred mil- 
lion dollars. North American Aviation 
has dev eloped an atomic central station 
that they will build for anyone willing 
to finance it. They estimate that a proto 
type would about 10 
dollars 


cost million 

Nuclear energy can be converted to 
electrical—that's been proved. The big 
question is can this conversion be made 
economically enough so that units can 
compete with coal—or oil—fired sta 
tions. The first step in finding an 
answer is to build a pilot plant “That 


Ho 


step should be started this year 

There's a political question blocking 
start of a pilot unit. Some people think 
that AEC should build the first one; 
others want private industry to make 
the first attempt. Some say government 
should be the sole generator of electri- 
cal energy from nuclear sources; others 
believe the government should get out 
of the power business. 

Congress holds the key to nuclear 
power progress in industrial applica- 
tions. Observers agree that there must 
be a relaxation of legislation to en- 
courage private corporations to partici- 
pate in development and research. AEC 
can't do it alone. 

Fact Number four. The Air Force 
has, on drawing boards, designs for an 
airplane powered by a nuclear reactor 
Development of a reactor for such a 
purpose has been slowed by technical 
difficulties in getting a light weight 
unit. Biggest problem is finding a way 
to protect crew members and passengers 
from radiation without using heavy 
lead plates or concrete blocks 

Atomic power plants for other ap 
plications—trains, automobiles, et 
are still far off in the future 


PACKAGED POWER SUPPLIES. 
. . . The incentive to package power- 
line supplies and their controls are 
growing steadily. Savings of installa- 
tion expense is perhaps the greatest 
factor but is closely followed by greater 
compactness, fewer elements and the 
benefits of factory coordination, assem 
bly and testing. 

An example of a packaged unit is a 
motor-generator set, magnetic ampli 
fier regulator and switching, all con- 
tained in a single cabinet. The mag- 
netic amplifier replaces the usual 
rotating regulator, thus reducing the 
number of rotating parts 


DOUBLE USE MOTOR.... A mo 
tor that can be used on either single 
phase or three phase lines should prove 
economical for users needing both types 
of motor connections. The motor uses 
a Scott-T connection, familiar to trans 
former designers but believed to be 
new in rotating equipment 

Concentric a are used which 
can be placed by machine instead of 
the progressive windings normally used 
in rotating equipment. Except for start- 
ing torque, the motor provides equiva- 
lent performance on the two power 
supplies 

The motor can be used, for example, 


Product 


to drive fans for the cooling of out- 
door power transformers, and makes it 
possible to use a single motor inter- 
changeably for either type of power 
supply 


ALTERNATORS. . . . To meet ever 
growing requirements, in many fields, 
for more a-c power and for special-pur- 
pose a-c power, many new alternators 
are being developed. The largest one 
to date develops 30 kva, three phase at 
speeds between 5,400 and 6,600 rpm 
It is an 8 pole machine, which gives a 
nominal 400 cycle —10 per cent. It can 
deliver 150 percent load for 5 minutes 
and 200 percent load for 5 seconds 
The unit weighs 123 lb. The alternator 
meets all requirements for low har- 
monic content in the output voltage 
wave—a requirement necessitated by 
the electronic equipment served. 

As kva rating rises the design difh- 
culty increases rapidly. Additional rat- 
ings calls for a rotor that is larger in 
diameter or longer, or both. To increase 
diameter, the centrifugal 
forces; to increase length, causes canti- 
lever forces and vibration to become 
troublesome, as the alternators are over 
hung, in many instances, from an en 
gine shaft and are only supported at 
one end 

A 6,000 rpm, 40 kva alternator, now 
in production, has a number of new 
features. The poles for the alternator 
are cut from a single sheet rather than 
being separate pieces fastened to the 
rotor. This gives the salient-pole field 
greater strength, prevents poles from 
loosening on the shaft, eliminates any 
indefinite or changeable air gap where 
the poles fasten to the shaft, and main 
tains the gap between the stator and 
the rotor more constant. The generator 
has a one piece shaft, improved tor 
sional vibration damper and an alu- 
minum housing instead of magnesium 
to raise the natural frequency 


increases 


GAS TURBINES. . . . Although not 
new, it has been only in recent years 
that U. S. designed gas turbines are 
being used in ever increasing number 
Their installations range from small 
hand portable units operating fire fight 
ing equipment (see P» duct Engineer 
mg, Dec., 1951) to large 5,000 horse- 
power units to driv e gas line compres- 
A few of the newer installations 





sors 
are 

e Portable air starter compressor, 
powered by a gas turbine, that permits 
ground starting of aircraft with a re 


é 
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sulting 500 lb weight saving. The unit 
uses a two-stage centrifugal compressor 
with a single-stage radial flow turbine. 

e An 1,800 horsepower gas turbine 
that is to be trailer mounted and used 
as a means of supplying emergency 
compressed air. The complete installa- 
tion is comprised of the turbine, two 
multi-stage centrifugal air compressors, 
a 50 horsepower starting motor, a 60 
kw generator and auxiliary equipment 

e A propane burning gas turbine 
locomotive unit that delivers 4,800 hp 
and can handle 4,650 tons at 65 mph. 
The power plant is a 15 stage axial flow 
compressor that discharges into six 
combustion chambers. The combustion 
gases pass through a two stage turbine, 
to drive the unit, and are discharged 
through a roof exhaust duct. 

e A 5,000 horsepower power plant 
that is comprised of two turbines on 
separate shafts. One turbine drives the 
air compressor, the other drives the 
load. This arrangement allows opera 
tion of the power turbine over the en- 
tire speed range. A regenerator raises 
the efficiency by about 20 percent 

e Other installations include aircraft, 
trucks and ships. Two types of units 
are being considered for aircraft; the 
Boeing small turbine, now under de- 
velopment by the government, and be- 
ing tested on helicopters and small 
single engine aircraft; and the Wright 
Turbo-Compound engine, rated at 
3,250 hp, and being used on two and 
four engined transports 

The U. S. Navy and the British Navy 
have been experimenting with ship- 
board gas turbine installations since 
1947. These tests have proved that tur- 
bine can be used for ship propulsion 
but the major reason for the tests were 
to determine the problems and major 
developments necessary to place them 
in a competitive position with other 
means of propulsion. 

At present, the United States pro- 
duction of aviation gas turbines has 
gotten into serious difficulty; it has 
fallen far behind the schedules set up 
by the Air Force. The reason: metal- 


lurgical problems and machining 
difficulties 
U. S. designers have turned out 


power plants capable of tremendous 
horsepower outputs, and operating at 
extremely high speeds. Metallurgists 
have not been able to find alloys or new 
materials capable of withstanding these 
temperatures and maintaining some de- 
gree of strength, enough to perform 
their functions. As a result, many U.S 
turbine designs require too much main- 
tenance and have poor efficiency 

Also, there’s been a machining prob- 
lem with some of the newly developed 
alloys and new materials. For example, 
properties of titanium, like hardness 


and strength, depend on impurities in 
the metal. Because there is insufficient 
control of impurities during manufac- 
ture, the metal that arrives at engine 
plants is not uniform. Machining tech- 
niques that work with one batch do not 
work with another. This slows down 
production and gets the entire plant 
out of schedule 

The seriousness of the shortage has 
been illustrated by the fields of U. S. 
aircraft frames waiting for jet engines 
Engine builders realizing the shortcom- 
ing of their own designs are trying to 
alleviate the situation by building con- 
tinental designs on a license basis 
Typical producers: Curtiss Wright 
building the Sapphire engine; West- 
inghouse Electric Corporation licensing 
a design from Rolls Royce 

Some of the development work still 
to be done on gas turbines centers 
around the combustion of different 
fuels. Fuels to date have included cheap 
residual fuels, refined oil, propane and 
gasoline. Also, considerable effort is 
being expended to improve efficiency 
by increasing operating temperatures 
The answer seems to be in better cool 
ing of turbine blades and other parts 
exposed to combustion heat. Better 
cooling should allow higher tempera- 
tures, longer life, and possibly even 
the use of less critical materials, such 
as ceramics 


REACTION MOTORS. . . . The re- 
cent development by the Naval Re- 
search Laboratory of a pulse jet with 
a life of 200 hours has awakened in- 
terest in these engines for possible use 
as power plants and low temperature 
heat units 

Applications have been dormant be- 
cause of the relatively short life. Early 
units, built by the Germans to power 
buzz-bombs had a life of less than one 
hour. Development in this country ex- 
tended this life to about 40 hours but 
still the units were not considered eco- 
nomical. The limiting factor, in all 
instances, was valve deterioration 

The NRL units, ranging in size from 
4 to 8 in. in dia and with thrusts of 
22 to 105 lb, use a vane type valve 
with a thermoplastic applied to the 
edge. This acts as a buffer and reduces 
wear and secondary edge vibration 
Rigid mounting prevents primary vibra- 
tion damage and rubber bumpers ab- 
sorb the impact shock on vane ends and 
act as gas seats 

These units are made of mild and 
spring steel; no critical materials are 
used. The engine is self-starting, will 
burn any type of fuel, has a high out- 
put per pound of engine weight and 
long life. Because of its inexpensive 
construction and no maintenance factor, 
the unit is considered to be expendable 
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» MOTORS, ENGINES AND CONTROLS 


SERVO AMPLIFIER. . . . Use of 
transistors in conjunction with mag- 
netic amplifiers was suggested shortly 
after the transistor was announced. 
It was known to be _ extremely 
rugged. The absence of standby power, 
inherent in both devices, showed 
promise. The transistor is an efficient 
amplifier at low power levels and the 
magnetic amplifier excels at high power 
levels. Thus, the transistor would act, 
in effect, as a preamplifier for the mag- 
netic amplifier power stage. 

Recently, the Industrial Control 
Company, Wyandanch, New York, fin- 
ished developments and tests of a servo 
amplifier. The circuit used is quite sim- 
ple and yet it offers power gains of sev- 
eral thousand with a speed of response 
limited only by the operating fre- 
quency. Input and — may be either 
a-c or d-c and negligible power is con- 
sumed by the amplifier when no power 
is being delivered to the load 

The unit will drive various 400 cycle 
servo motors in medium performance 
positional servo loops os single 
speed autosyn data. It is completely 
self-contained, requiring no power sup- 
ply or damping tachometer. Other 
characteristics of the unit are: long 
life, freedom from environmental con- 
ditions, great resistance to shock, and 
simplified interconnections. As a result, 
it can be used with the same facility of 
application as the servo motor or 
autosyn. 

The servo amplifier is recommended 
for medium performance positional 
loops where zero maintenance and ab 
solute reliability are paramount. In 
multi-loop equipment it can drastically 
reduce overall size and weight, simplify 
interconnecting cabling, ensure contin- 
uous operation and reduce internal 
equipment temperature rise. Its charac 
teristics make it ideal for critical appli- 
cations, such as military fire control 
gear, atomic energy installations, and 
industrial controls. The transistor-mag 
netic amplifier may also be used in 
other applications where low fre- 
quency amplification is desired. 

A number of improvements ar@ ex 
pected to result from use of better tran 
sistors, when they become available in 
sufficient quantity to make their use in 
commercial equipment feasible. Higher 
gains may be obtained by using cascad 
ed transistors 

The new development makes avail 
able to industry a highly efficient and 
versatile packaged servo amplifier that 
is virtually indestructible and may be 
expected to have a long life. Present 
models have power levels of a fraction 
of a watt to 500 watts and may be con 
trolled by thermocouples, synchros, 
small potentiometers and photocells 
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FRACTIONAL HORSEPOWER MOTORS ..j.-- 





TYPE N MOTOR 


Available in three 
basic sizes. Smallest 
motor is 334” in diam- 
eter, largest is 5'/)”. Al- 
most any type of wind- 
ing. Standard ratings 
from 1/150 to 1/6 hp at 
1725 rpm. Used on such 
devices as blowers, 
pumps, coin - handling 
equipment, communica- 
tion equipment, thera- 
peutic devices, sound-re- 
cording and reproducing 
equipment, and machine 
tools, 











TYPE VCF-12 
MOTOR 


Normally supplied with 
series windings having 
variable-speed character- 
istics and nominal speed 
of 5000 rpm. Compact 
(244” high), generous 
power, lightweight, small 
enclosure. Operates such 
devices as adding ma- 
chines, calculating ma- 
chines, check protectors 
and motion-picture pro- 
jectors. 











Group 7: Rugged reducer for driving heavy 
loads continuously. Ample reserve for overloads. 
Height, 774”. Eight different windings. 
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TYPE K MOTOR 


Without speed  re- 
ducer: Normal 69-cycle 
output ranges from 
1/2000 hp to 1/500 hp 
on continuous duty. 
With speed reducer: 
Drive-shaft speeds rang- 
ing from 300 rpm to 1 
rpm and with torque 
ratings of 1.3 in. oz to 
110 in. oz, respectively. 
The Type K motor 
(which is 234” high) is 
especially adapted to use 
on instruments and tim- 
ing devices. 


With 
Speed Reducer 


Without 
Speed Reducer 





yt 


MOTORS 





REDUCER 


Group 4: Double 
werm-gear re- 
ducer for trans- 
mitting high 
torques at low 


speeds. Height, 
674". 


ENGINEERED FOR YOUR PRODUCT 


















Group 3: 


BODINE FRACTIONAL HORSEPOWER MOTORS 


TYPE U MOTOR 


Available in 1/20 and 
1/15 hp, at 1725 rpm, 
and 1/30 hp, at 1125 
rpm. Diameter 43%”. 
Split-phase construction. 
Resilient mounting for 
quiet operation. Thermal 
overload protection. For 
use in office machines, 
automatic phonographs, 
circulating pumps, air- 
conditioning equipment. 
Available only in stand- 
ard construction and on 
quantity orders. Attrac- 
tively priced. Rapid de- 
livery on all orders. 


SERIES WOUND 
MOTOR PARTS 


SET includes: Field 
core and coil assembly, 
armature, brushes and 
associated parts, and fan. 
SIZE: Diametersto 34”. 
Wound to order for all 
fractional horsepower rat- 
ings. APPLICATION: 
Portable power tools 
and appliances. 





Group 2: Designed to deliver 
moderate torques. Height, <4”. 





Single-reduction, worm- 
gear reducer, designed for transmitting 
moderate torques. Height, 474”. 


Group 1: Designed to transmit 
low torques. Height, 35”. 


DISTRICT AGENTS 


BUFFALO 3, WN. Y. 

735 Ellicott Square—S. E. Shea 
CAMBRIDGE 39, MASS. 

686 Massachusetts Ave.—W. A. Black 
CLEVELAND 3, OHIO 

4500 Euclid Ave.—W. R. Uffelman 


DETROIT 27, MICHIGAN 
14511 Puritan Ave.—C. D. Miller 


KANSAS CITY 6, MISSOURI 


LOS ANGELES 13, CALIF. 
406 So. Main Street—H. M. Hall 


MINNEAPOLIS 4, MINNESOTA 

338 East Franklin Ave.—A. C. Jacobson 
NEW YORK 36, W. Y. 

55 West 42nd Street—H. C. Mayorga 
ROCHESTER 14, WN. Y. 

Reynolds Arcade Bidg.—A. F. Zissler 


903 McGee Street—T. Pellmounter 


SAN FRANCISCO 3, CALIF 

995 Morket Street—J. F. Cady 
SYRACUSE 2 NW. Y. 

218 W. Horrison St.—H. H. Cardozo 
CANADA —Renold-Coventry, Ltd 

Montreal—Head Office 
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Power-Fit 


Your Equipment with [HAVS/FP 


“Power-Proved” Engines 


Gasoline, Natural Gas, L-P Gas. . . ten Chrysler Industrial Engines 
and Power Units operate with the fuel of your choice. Whatever 
your other requirements, within a 217 to 413 cubic inch displace- 
ment range, you can be sure of a Chrysler Engine or Power Unit 
to meet them. You can be sure, too, of 
Chrysler Power because Chrysler 
Engines combine high-speed performance 
with workhorse durability and economy 
customarily associated only with bulky, 
slow-speed engines. 





Check the specifications and perform- 
ance data. Then see a Chrysler Industrial 
Engine Dealer for further information, or 
write: Dept. 2311, Industrial Engine Division, 
Chrysler Corporation, Trenton, Michigan. 


GHRVSLER 


Industrial Engines 


HORSEPOWER = 






Chrysler Industrial Model 16 Engine, 
265 Cubic Inches Displacement 






Chrysler Industrial Model 20 V-8 En- 


gine, 331 Cubic Inches Displacement. WITH A PEDIGREE 


































































































GENERAL SPECIFICATIONS — ALL MODELS ‘ 
Ind. 5 ind. 6 Ind. 8 ind. 14 ind. 15 Ind. 16 Ind. 22 ind. 18 Ind. 19 ind. 20 
} 
Ne. of Cylinders . . . , 6 6 6 8 4 8. 
: Type of Engine—4 Cycle Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline 
; Bore—Inches | 3% 3% 3% 3% 4 3%e 46 3% 3% 3% 
Stroke-inches , 4% 4% 4 5 5 4% 5% 3% 3% 3% 
Displacement—Cu. In. 217.8 230.2 250.6 331.3 376.9 265.0 413.0 241.1 276.1 331.1 
Compression Ratio 7.1 7.0 6.8 6.5 6.5 6.8 6.5 7.1 7.1 7.5 
. Valves— Arrangement L L L L L L L Vee Vee Vee 
: Pistons—No. Rings 4 4 4 4 4 : 5 4 4 4 
| L ~ Crankshaft—Bearings | 4 4 4 7 7 = 7 5 y 5 
| a Camshaft— Bearings 4 4 4 4 4 4 4 5 5 5 
| Crankshaft—Bearing Diameter 2% 2" 2% 3 3 2% 3” 2% 2% 2h" 
- Lubrication—Type Press. Press Press Press Press. Press Press Press Press Press 
Lubrication—Type Oil Pump | Rotor Rotor Rotor Gear Gear Rotor Gear Rotor Rotor Rotor 
~ Lubrication—Oil Capacity Qts. | 5 5 5 8 8 5 4 5 5 5 
ignition— Battery Type | Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
vie Spark Plug—Size 14 mm 14 mm 14 mm 14 mm 14 mm 14 mm 14 mm 14 mm 14 mm 14 mm 
: - Starting — Elec. Type | 6 Volt 6 Volt 6 Volt 6 Volt 6 Volt 6 Volt 6 Volt 6 Volt 6 Volt 6 Volt 
: ~ Gen. Reg. —Full Voltage 45 Suite 45 Amps 45 Amps 45 Amps 45 Amps 45 Amps. 45 Amps 50 Amps 50 Amps 50 Amps 
r Gen. Reg.—Full Voltage a. _ = ope 
and Current Control an = = = - aa = ae 7 = 
: 7 Carburetor—Type Down-Draft | Down-Draft | Down-Draft | Down-Draft | Down-Draft | Down-Draft | Down-Draft | Down-Draft | Down-Draft [Down-Draft 
Fuel Pump Yes Yes Yes Yes | ’ _ Yes Yes Yes Yes Yes 
_ Weight— Approx. (Lbs.) | 570 575 620 1140 1190 625 1190 591 629 850 





























Chrysler Open Power Units 
include complete engine, skid 
base, grille, radiator, instru- 



















ments, instrument » fly- 

wheel, flywheel housing. v8 
Engine Open Power Unit 
(pictured) also includes 
twenty-five gallon fuel tank. 





. oo 





Chrysler Enclosed Power Units 
have complete ine. 


Optional Equipment for Chrys- 
ler Industrial Engines include: 
te Fluid ere Torque 
on or 3-, or 5-Speed 
Transmission ~ Twelve or 
Twenty-Four Volt Electrical 
System ¢ Gear-driven front 
ends ¢ Over Center Clutch and 
Power Take-offs ¢ Velocity, 
Belt or Gear-Driven Governors 
* Flexible Coupling for eal 
type Flywheel * Propane o 
Natural Gas Burning Coty. 
retors * Verticol or Horizontal 
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RPM 800 1200 1600 
Dyno. BHP 25 40 54 66 78 88 96 100 
Cont. BHP 20 32 43 54 63 71 
Dyna. Torque 164 174 177 175 171 165 157 146 
Cont. Torque 134 141 143 142 138 134 
Spec. Fuel .580 542 .522 515 .522 538 563 595 
an 
, 
RPM 800 1200 1600 | 2000 | 2400 | 2800 | 3200 | 3600 
Dyna. BHP 28 43 57 70 81 90 96 99 
Cont. BHP 23 35 47 57 66 73 — - 
Dyna. Torque | 186 190 189 185 178 169 158 144 
Cont. Torque 150 154 153 150 144 137 — — 
Spec. Fuel .565 .543 538 534 544 .570 .600 649 
= 
RPM 800 1200 1600 2000 2400 2800 3200 3600 
Dyna. BHP 30 47 63 78 93 105 115 118 
Cont. BHP 25' 38 5) 63 75 85 
Dyna. Torque | 20! 208 207 204 203 198 189 172 
Cont. Torque 163 168 168 165 164 160 
Spec. Fuel 620 .570 549 540 543 559 582 619 
RPM 800 1200 | 1600 | 2000 | 2400 | 2800 | 3200 [ 3600 
Dyna. BHP 32 51 67 83 98 109 117 120 
Cont. BHP 26 4) 54 67 79 88 — 
Dyna. Torque | 213 225 221 218 215 205 192 175 
Cont. Torque 173 182 179 177 174 166 -- - 
Spec. Fuel .588 54) .538 .543 555 571 .592 .623 | ‘ 
4 
RPM 800 1200 1600 § 2000 § 2400 § 2500 | 2800 | 3000 
Dyno. BHP 39 61 81 99 115 119 127 130 
Cont. BHP 32 50 66 80 94 96 
Dyna. Torque | 260 270 267 260 253 250 238 227 
Cont. Torque 211 219 216 211 205 203 - 
Spec. Fuel 615 .583 574 .571 .578 581 .603 .630 
RPM 800 1200 1600 2000 2400 2800 
Dyna. BHP 47 76 101 124 144 155 
Cont. BHP 38 62 82 100 116 
Dyna. Torque 310 334 333 326 315 292 
Cont. Torque 251 271 270 264 255 
Spec. Fuel .553 .533 523 .520 .530 .557 
RPM 800 1200 1600 2000 2400 2800 
Dyna. BHP 50 78 104 129 151 163 
Cont. BHP 40 63 85 105 123 
Dyna. Torque 327 340 343 339 332 316 
Cont. Torque 265 276 278 275 269 
i Spec. Fuel .621 594 .560 .537 550 580 
PERFORMANCE DATA... CHRYSLER V-8 ENGINES 
RPM 800 | 1200 | 1600 | 2000 | 2400 | 2800 | 3000 | 3200 | 34600 | 4000 
Dyna. BHP 32 48 66 84 100 113 118 123 130 137 
Cont. BHP 26 39 54 68 81 92 96 
Dyna. Torque | 210 213 217 222 220} 213 207 202 190 180 
Cont. Torque 170 172 176 180 178 172 168 
Spec. Fuel 592] .542 532] .519 509 502 502 504 518] .532 
RPM 800 | 1200 | 1600 | 2000 | 2400 | 2800 | 3000 | 3200 | 3600 | 4000 
Dyna. BHP 35 55 75 95 113 130 137 143 152 157 
Cont. BHP 28 44 61 77 92 106 111 
Dyna. Torque | 232] 242] 247] 250] 249] 245] 241 235] 222] 207 
Cont. Torque 188 196 200 203 202 198 195 
Spec. Fuel 496] 488] .484 487] 488] 490] .493 497 503 521 
RPM 800 | 1200 | 1600 | 2000 | 2400 | 2800 | 3000 | 3200 | 3600 | 4000 
Dyna. BHP 43 69 95 120 142 161 168 173 179 182 
Cont. BHP 35 66 77 97 115 130 136 
Dyna. Torque | 286] 303] 31!] 315] 312] 302] 294] 284] 262] 239 
Cont. Torque 232] 246] 252] 255] 253] 245] 238 
Spec. Fuel 532] .510] .504] .501] .496] .493] .497] .503] .523] .550 
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BLOWERS 


Double blowers for applications requiring 
100 CFM of air, as in laboratories, kitch- 
ens, refrigeration units, air conditioning 
equipment, 4 photo darkrooms and for 
furnace draft boosters. Powered by Type 
D shaded pole induction motor. Require 
infrequent oiling. Non Radio interfering. 
Normally furnis ed with outlet mounting 
flange but can be had with a flat strap 
brac ‘et and an outlet damper. For 115v 
AC, 60 cycles (other voltages or trequen- 
cies on request). 35 watts at 3150 RPM 
(free air) on 115 volt source 





DS. Single blower, with all the advantages of Type 


DD, but approximately half the air delivery. 115v, 60 s 
cycles. For CW and CCW operation. 35 watts at 3100 
RPM (free air) on 115 volt line. Regularly supplied 
with inlet screen and outlet flange, but can be had 


with inlet damper, inlet mounting flange, “L” type 
bracket or flat strap bracket 


ZSD ZRD 


Powered by sturdy, low speed type 
“Z" shaded pole induction motor. 
354" balanced air rotors with slow 
speed minimize air noise. 115v, AC, 
60 cycles. 45 watts, 1650 RPM (free 
air). Available for 230 volts or 50 
cycle operation 





ZSS ZRS_ The most compact 50 CFM blower units avail 
able today. Resilient mounting base to reduce mechani- 
cal vibration to a minimum can be furnished with flat 
strap bracket instead of outlet flange normally furnished 
115v, AC, 60 cycles. 40 watts at 1650 RPM (free air 

Can be mounted for 230 volt operation 





F2-D 


For cooling electronic tubes in trans 
mitters, induction heaters and dia- 
thermy equipment. Quiet operation. 
Low wattage. Light weight. Will not 
cause radio interference. 115v, AC 
60 cycles. 15 watts 3000 RPM (free 
air 





F2-S Single blower as above. 115v, AC, 60 cycles 
15 watts. 3100 RPM (free air) 





F 2'2.S 


Has generally the same features as 
the F2 blowers. Bakelite housing 
115v, AC, 60 cycles 15 watts 
2800 RPM (free air). Can be sup 
plied in double housing (F 2'2-D 
with approximately twice the air 
delivery of F 214 





K6é-S (land K12-S) are battery operated for cars 
trucks, boats and other portable installations 

K115-S is an AC-DC blower of excellent output where 
absolutely quiet operation is not of prime importance 


Delivers almost 100 CFM of air and operates at a speed 
of 2800 RPM (free air). 70 watts on 115v, 60 cycle line 


Heinze Electric Co 


685 Lawrence Street 


LOWELL, MASS 














SUB-FRACTIONAL HORSEPOWER 


D 

Sa and dependable little unit for 
general use and medium speed applications 
which will operate for years with a mini- 
mum of attention. ideal for pumps, fans, 
advertising displays, brooders, space heat- 
ers, etc. 1/100 to 1/200 HP. 115v, 60 
cycles in either CC or CCW rotation. Can 
be had for other voltages or 50 cycle oper- 
ne ation. Ventilated cases, flat strap mount- 
ing bracket, junction box welded to case 

and Elkey connector available 


SA-1 SA-2. 2-pole skeleton frame motors, 
1/100 to 1/200 HP. Have the same charac- 
teristics as Type D motors. The shoft is 
concentric with the OD, thus making 
mounting c simple problem. Elimination of 
case makes them very economica! 


® 








Most completely developed line of Heinze 
shaded pole induction motors. 1/200 to 1/50 
HP. Ten standard sizes. High or low starting 
torque. Intermittent operation or low heat rise 
characteristics. Speed ranges from 1400 to 
1700 RPM. Normally furnished for 115v, AC, 
60 cycles. CW and CCW rotation. (Other volt- 
ages and frequencies on request.) Can be sup- 
plied in closed cases, 4-start mounting, saddle 
type mounting bracket, flat strap bracket and 
junction boxes 


AM-100 
New capacitor motor. 1/100 hp., operating at 
free speed of 3300 rpm. or load speed of 3100 
rpm 
Originally developed for TV antenna rotator 
service. Reversible. Is excellent also for labora- 
tory or experimental use: or for advertising 
displays, etc 
40 watts. 24 volts. 60 cycles, AC. Skeleton 
frame, but can be supplied in ventilated case 
same size and appearance as Heinze Type Z 
motor. Mountings available. 







AR-105 


Another new capacitor rotator motor, 1/200 hp. 
operating at free speed of 3000 rpm. 35 watts 
24 volts. 60 cycles, AC Operated with a 75mf 
capacitor 


FC and FB 


2 pole, shaded pole, induction motors. CW or 
CCW rotation. 1/1000 to 1/300 HP. For 
“mouse power” applications, such as range oil 
oumps, small hair dryers, desk fans, toys, space 
heaters, advertising displays, timed-switching 
devices, small water circulators, kitchen mixers, 
etc. 115v, 60 cycles. Free speed, 3200 RPM 
Recommended load speed, 2600 to 3000 RPM 






es 





f 
: K 
KF 
1/50 to 1/25 HP. Normally supplied 
for 115 volt line. Can be had for 230 The same specifications as for Type 
volt operation or as a straight 115 “K’ but flat-sided for sewing ma- 
volt (or 230 volt) DC motor. Close chines, business machines and other 


case type. Lee governor and resilient devices needing a series motor, where 
mounting plate available space is important 


Heinze Electric Co 


685 Lawrence Street 


LOWELL, MASS 
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A complete 

product line with 
One source of supply, 
One responsibility 





HEATING 
SYSTEM 





Electronic bridge, sig- 
nalling type temper- 
ature controller. No 
batteries or moving 
parts. Excellent per- 
formance, high sensi- 
tivity with minimum 
maintenance. 





V-301 and V-302 
Pneumatic Pressure 
Regulators are design- 
ed to reduce line pres- 
sures up to 150 psi to 
working pressures of 
0-30, 0-60, or 0-100 psi. 


Pneumatic Indicator in 
cast aluminum case. 
Assemblies inter- 
changeable. One of 
General Controls’ wide 
line of pneumatic in- 
dicators, recorders and 
controllers. 
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For reliable, automatic control of your 
product or process... whether it is in 
a heating, refrigeration, industrial or air- 
craft application ...General Controls 
automatic controls will provide <de- 
pendable, low cost, trouble free per- 
formance. Write us on your company 
letterhead for a copy of Catalog 53G. 








7. 


AIR 
- CONDITIONING 
SYSTEM 


ga 











B-55G Governor Type 
Gas Valve for on-off, 
high-low modulating 
and air damper con- 
trol. Slow opening dia- 
phragm. For gas-flow 
to industrial boilers 
and furnaces. 


Air Motor Valve. Air- 
opening and closing 
diaphragm actuators. 
For modulating con- 
trol with valve posi- 
tioners, timers or other 
instruments for high 
accuracy flow control. 





Glendale, California © Skokie, Hlinois 


GENERAL CONTROLS GA 


Manufacturers of Automatic Pressure, Temperature, Level 
and Flow Controls for Heating, Home Appliances, Refrig 
eration, Industrial and Aircraft Applications 


FACTORY BRANCHES IN 34 PRINCIPAL CITIES 


See your classified telephone directory 


Ha7 





SYNCHRON 





SYNCHRO 


N MOTORS 


Are Quickly Adaptable 
To New Product Designs 


Many leading design engineers have found SYNCHRON Timing Motors the 
perfect answer to the problem of powering timing machines, action signs, 
recording thermometers, switches, heating and air conditioning devices . . . 





With Brass or Steel Pinion 


10T . S4P. 141/,2P.A. 
Brass Pinion (.222 O.D.) 
10T . 48P. 141/2P.A. 
Brass Pinion (.250 0.0.) 


— 130 







062 x .249 Die. 
001 


With Standard Shaft 


Shaft lengths 

1 5/32-%4-%-'a-N 
%y-%-' 

Ht Standard Length - % 


——Tr 
— 1250 
062 x 249 Dia. 
.001 





With Extended Bearing Shaft 


Shafts With Extended 
Bearing 
%-Y2-%-%- Ve 


J 








rc .110 


— 312 «x .249 Dia. 
201 


ie 
t 1250 


timing mechanisms calling for instant 
starting, dependable accuracy, adapta- 
bility and versatility. 


SYNCHRON Timing Motors pull up 
to 8 oz. direct load at 1 RPM and op- 
erate efficiently at temperatures from 
—40° to +140° F. 


Small in Size — Sturdily Built 
Rigidly Inspected 

Power-packed SYNCHRON Timing 
Motors are small enough to fit in ex- 
tremely close places, but sturdily built 
for long life and dependability. Each 
SYNCHRON motor must pass 51 
separate inspections and a grueling 
final test under power before ship- 
ment. 


If you have a special timing problem, 
let SYNCHRON engineers help you 
solve it. 


HANSEN MFG. CO., Inc., Princeton, Ind. 












QUICK FACTS 

ABOUT SYNCHRON MOTORS 

Guaranteed to pull 8 in. oz. at 1 
RPM ... may be mounted in any 
position . . . may be stalled con- 
tinuously without injury to motor. 

Approved for 110 V. and 220 V. 
applications by Underwriters’ Labo- 
ratories and Canadian Standards 
Assn. 

Watts input, 3. Temp. rise above 
ambient: 38° F. 


Speeds 
60 Cycle 50 Cycle 25 Cycle 
RPM RPM RPM 
0.8 36 1 75 1 
1 40 2 100 
2 48 3 150 
3 50 4 200 
4 60 5 300 
5 72 6 
6 75 8 
8 90 #10 
10 100 12 
12 120 #15 
15 150 20 
18 180 25 
20 200 30 
24 240 40 
25 300 50 
30 60 
VOLTAGE: 18V.-24V-110V.-220V. 
ROTATION 


Clockwise (R) Or Counter Clockwise (L) 








-—-— 1.350 —> 
| | 






Pinion or Shaft Drive 


1875 


MOTOR WITH GEAR REDUCTION UNIT 


2.000 - al 





-125R. 
Typical 


| 


375 


4 Mounting Holes 
116 Diameter 


PRODUCT OF HANSEN MANUFACTURING CO., INC., PRINCETON, IND. 


Has 
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FOR 


DEPENDABLE 





USE 


’ DELCO 
t y motors 


HAVE 
UCT CAN 
RUNNING MATE YOUR PROD 

THE BEST 





The aluminum rotor conduc- 

tors, end rings and fan blades 
are uniflow pressure cast. Maxi- 
mum electrical efficiency and quiet 
operation are assured by design, 
critical selection of material, and 
careful dynamic balance. 


The exclusive Delco Thermo- 

tron automatically provides 
complete and positive motor pro- 
tection against damage from stall- 
ing, continued overload and faulty 
power supply. 


Oversize sleeve bearings— 

steel backed tin babbitt bear- 
ings are diamond bored after as- 
sembly in the end frames for accu- 
racy in alignment. 





DAYTON OHIO 





Delco motor windings are 
__|varnish-dipped and baked to 
provide adequate insulation. 


Resilient rings of special oil- 

_jresistant material are double 
bonded to the mounting rings for 
long life and ultra-quiet motor 
operation. 


~~ }Large oil reservoirs, cast integ- 
~_jrally with the end-frames to 
prevent leakage, are fitted with oil 
wicks in positive contact with the 
shaft to insure adequate lubrication. 


lDelco’s exclusively designed 
ae centrifugal starting switch is 
simplified with a minimum of work- 
ing parts. Positive snap-action 
eliminates fluttering. 








BLOWER MOTORS—Designed espe- 
cially for belt driven blowers and fans 
as used in heating, air conditioning and 
filtering systems. Electrically designed 
for efficient ultra quiet service. Resilient 
mounting rings, double bonded, and 
designed to provide maximum vibration 
and torsional damping. Rugged cast 
iron end frames with integrally cast oil 
wells, oversize bearings and sturdy 
steel frame for long life. Exclusive Delco 
automatic reset Thermotron (Under- 
writers’ Laboratory approved) for pro- 
tection against overload and stalled 
conditions. Delco blower motors con- 
form to NEMA standards, available in 
single- and two-speed designs. Split- 
phase ratings from % hp through 
hp. Capacitor-start ratings from Ys hp 
through % hp. 





REPULSION-START, INDUCTION-RUN FRAC- 


TIONAL 
and % 


HP MOTORS—Available in 2 hp 
hp ratings. These motors combine the 


advantages of high starting torque and low 


starting 


current. Large oversized sleeve bear- 


ing with extra large oil reservoir cast as 


integral 


part of end frame. Wool encased 


feeder wick system provides adequate circula- 
tion of oil. Heavy rigid steel base. Adequate 
sized commutator for dependable service and 
long life. Delco design Thermotron available. 
Delco repulsion-induction motors meet NEMA 


standard performance and mounting dimensions. 





















DELCO sections tp SINGLEP: 
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PHASE motors...for general and definite uses 


































pe- 
ans Oil BURNER MOTORS—Engineered and 
and built for dependable efficient service, 
ned totally enclosed for maximum safety. 
lent Not affected by extremes of dirt and 
and moisture. Functional design provides an 
tion attractive assembly. Electrically designed 
a for efficient ultra quiet operation. Over- 
oil size bearings, end frames with integrally 
rdy cast oil wells and sturdy steel frame 
slco for long life. Rotor precision balanced. 
ler- Exclusive Delco manual reset Thermotron 
endl (Underwriters’' Laboratory approved for 
led oil burner applications) for maximum 
— safety. Delco oii burner motors conform 
pray to NEMA standard performance and 
~ mounting dimensions. Available in split- 
“3 JET PUMP MOTORS—Designed for phase design in % and “% hp ratings. 
hp centrifugal pump applications such as, CELLAR DRAINER MOTORS—Designed 




















domestic water systems and direct 
connected pumps. Capacitor mounted 
internally lends an attractive stream- 
lined appearance to pump designs. Ball 
bearings grease lubricated. Doyble 
sealed bearings on shaft end with large 
grease cavity for bearing protection. 
Thrust spring holds rotor in position, to 
maintain impeller clearance. Drilled 
and tapped hole in end frame permits 
mounting of drip cover of individual 
customer design. Rugged electrical and 
mechanical design integrated to assure 
long life and quiet operation. Motors 
are protected with (Underwriters’ Labo- 
ratory approved) Delco automatic reset 
Thermotron. Delco jet pump motors con- 
form to NEMA standard performance 
and mounting dimensions. Available in 
Ye hp split-phase rating, condenser- 
start ratings in Y% hp through | hp 


SPLIT-PHASE MOTORS—Ratings from % hp through Y% hp. Split- 
phase, induction-run motors for use where starting torque requirements 
are low. (Not appreciably greater than full load running torque.) 
Applications such as small power tools, office machinery, meat slicers, 
grinders, etc. Available with Delco's exclusive Thermotron, either auto- 
matic or manual reset type. Choice of either rigid or resilient mounting 
base. Delco general purpose split-phase motors conform to NEMA 
standard performance and mounting dimensions. 




























for vertical operation on domestic 
cellar drainer applications. Cast iron 
drip proof end frame on top end of 
motor designed to allow adequate 
motor ventilation and provide protec- 
tion against foreign particles. Pleasing 
streamlined appearance. Sturdy flange 
mounting bracket cast as integral part 
of end frame permits mounting of motor 
to supporting pipe. Double-sealed ball 
bearings used at both top and bottom 
Shaft coupling assembled on shaft at 
factory for positive alignment between 
motor and pump shaft. Available for 
the conventional float and rod type 
control method or for the non-guided 
fioating ball method. Delco cellar 
drainer motors conform to NEMA 
standard performance and mounting 
dimensions available in % hp split 
phase rating 

















CAPACITOR-START, INDUCTION-RUN MOTORS—Available in ratings 
from Y% hp through % hp. High starting torque characteristics with 
relatively low starting current and good accelerating torque combine 
to make a desirable motor for general purpose applications. For use 
on rotary and reciprocating pumps, refrigeration and air conditioning 
compressors and general farm and home labor-saving devices. Job 
fitted capacitor designed as an integral unit to provide best starting 
efficiency. Inherent characteristics assure a minimum of noise and 
freedom from radio interference. Available with Delco exclusive 
Thermotron, either automatic or manual reset type. Choice of either 
rigid or resilient mounting base. Delco capacitor-start motors conform 
to NEMA standard performance and mounting dimensions. 





















DELCO 


MASS PRODUCER OF 
QUALITY MOTORS 


More than forty years of design and 
manufacturing experience is incorpo- 
rated into every Delco motor built today. 
In addition to its own vast facilities, 
Delco may at any time call upon world- 
famed General Motors Research for ad- 
vice in the solution of a particular prob- 
lem, should the need arise. 


Delco fractional motors, single-phase 
and polyphase, for appliance and in- 
dustrial applications, are everywhere. 
If your product—present or future—is 
planned in sufficient volume to support 
mass production of special or standard 
motors, it will pay you to consult with 
a Delco engineer. 


DELCO PRODUCTS DIVISION 


General Motors Corporation 


Dayton 1, Ohio 


ATLANTA DETROIT 
CHICAGO HARTFORD 
CINCINNATI ' PHILADELPHIA 
CLEVELAND SAN FRANCISCO 


DALLAS ST. LOUIS 





a gs Sen ER arpa an 


AS 
“sich J ™ 


tue Systems 


MOTOR-DRIVEN 
INDUCTION GENERATOR, 
GEAR TRAIN & SYNCHRO 
COMBINATIONS 


SERVO AMPLIFIERS 
. 


MOTOR-DRIVEN 


Transicoil servo systems feature integrated 
INDUCTION GENERATORS \ 


design—every component is made to match 
all the others . . . coordinated to insure 
maximum efficiency and top performance. 


PLUG-IN ASSEMBLIES OF For systems of your own design, Transicoil 
CONTROL MOTOR, GEAR can supply precision components de- 
TRAIN, POTENTIOMETER & signed to meet your requirements . . . their 
SYNCHRO effectiveness limited only by the restrictions 

you impose. MINIATURE CONTROL 


. MOTORS 
Complete data will be sent on request. 


RANSIGUIL 


CORPORATION (2.920% 
New York 13, N. Y. 
Engineering-Sales Representatives in: 
BOSTON, MASS. * BUFFALO, N. Y. * CHICAGO, ILL. * CLEVELAND, OHIO * DALLAS, 
TEX. © KANSAS CITY, MO. * LOS ANGELES, CALIF * MINNEAPOLIS, MINN, 


NETCONG, N. J. * PHILADELPHIA, PA, © PHOENIX, ARIZ. * SAN FRANCISCO, 
CALIF. © SEATTLE, WASH. * SYRACUSE, N. Y. * WASHINGTON, D. C. 


Product Engineering — 1954 Annual Handbook 


















513/64 = SPECIAL FEATURES: 








@ Precision timing measuring 
hundredths of seconds to one | 
minute. 

@ Automatic reset. 

@ Hermetically sealed. 

@ For operation on 50, 60, or 
400 cycles A.C. or 20-30V | 
D.C. 400 cycle unit has D.C. 
clutch. 


- fi 





SERIES /5700 CHRONOMETRIC D.C. 
GOVERNED TIMING MOTOR 


@ Extreme accuracy—1/10 of 1% 


@ Wide range of voltage, temperature, 
load. 


@ Light weight .. . Compact. 


@ Reversible. 





TIME DELAY RELAY WITH ADJUSTABLE 
DIAL A.C. SERIES 11400 OR D.C. 
SERIES 6400 


@ Wide selection of time range. 
@ Features ease of adjustment 
@ Flexible, compact design. 


@ Positive operation. 





REPEAT CYCLE TIMER A.C. SERIES 
13600 OR D.C. SERIES 3600 
@ Durable . . . Long life. 
@ Wide range of time cycles. 
@ Multiple control circuits. 


@ Easily adaptable to meet specific 
requirements. 





PREFERRED WHERE 
PERFORMANCE IS PARAMOUNT 





Hiso0 






STOP CLOCK 


High Speed Stop Clock Accrued Seconds Indicator With Fluorescent 
Dial and Hands . . . Also Available For Other Intervals. 


This new, hermetically-sealed Stop Clock further enlarges the com- 
plete line of A. W. HAYDON COMPANY A.C, and D.C. Timers, 
time delay relays and timing motors. This accurate, panel-mounted 
timer totalizes hundredths of a second up to a minute. Hermetically- 
sealed, it weighs approximately 2 lbs. Comes with automatic reset. 


A. W.HAYDON CO. 400 CYCLE MOTOR 

has improved performance for air- 

croft use. 

® Light in Weight — Smal!i Compact 
ize. 


a 


2 
@ 


Becta a 


@ Now .. . you can run timing 
systems directly from 400 cycle 
power 


@ Features fost stort and stop, as 
well as high torque, and revers- 
ability. 

@ Get all the facts in the new 
A. W. Haydon Co. catalog, de- 
scribed below 





— 





SERIES 5300 D.C. TIMING MOTOR 
@ Rugged, Accurate, Reliable. 


@ Compact... 
speed. 


Reversible, variable 


@ Special windings availcble for opera- 
tien from vacuum tubes or as 
tachometer generator. 





HERMETICALLY SEALED TIMER SERIES 
6400, 11400, 7900, 12900, 3600 


@ Maximum protection against weather, 
humidity, explosive atmospheres, and 
high altitude. 


@ Light weight, corrosion-resistant en- 
closure. 





@ Flexible design. 


ee 


DELAYED-RESET TIME-DELAY RELAY 


New time-delay relay uses basic 
“Series 6400" d-c. and “Series 11400" | 
a-c. time delay relay. Makes possible 
delayed reset proportional to time 
delay, and a circuit reclosure time 
proportional to length of current 
interruption. Reset is controlled by 
escapement mechanism 





A WY-HAYDON 


COMPANY 


244 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electrical Timing Devices 
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1 through 125 H.P. 


All these features at a standard motor price! 


Extra-large ball bearings, sealed to keep 
grease in, dirt out. Need no attention for 
years! 

Insulated coil ends—R & M insulates be- 


stay cool and clean; high velocity air-flow 
stops build-up of dust and dirt. 

Full-height, shrouded end heeds shield the 
motor against moisture and internal 


tween all coil ends as wellas phase groups, damage. 
for 3 to 4 times greater insulating value! protected against rust and corresion—in- 
“Clean-Sweep”™ Ventilation—R & Mmotors side and out. 





lata 


RaM f es a P 
line of Totally Enclosed and Explo- 
sion-Proof motors from 1 through 
40 h.p. Direct Current and Single- 
Phase from 1 through 74 h.p. 











Need A Special Motor? 


Building “‘specials’’ to the customer's specifica 
tions is an old story at R & M 
mechanical modifications are no problem. C, 


electrical and 


D, and P flanges, shaft modifications, com 
mercial dynamic and special dynamic balanc 
ing —all readily 
And to meet your demands for quick delivery 
we maintain a complete stock of mechanical 
parts for motors requiring electrical or mechan 
ical modifications 

Engineered motor parts for built-in applica 
tions are another R & M service available to 
you. Our well-qualified staff of motor-applica 
tion specialists will make prompt recommenda 
tions. Call on them now—there is no obligation 


are available to your order 














Are you paying extra tor motor features 
that are standard with Re M ? 


Of course you want a top-quality 
motor... good performance of 
any motor-driven product de- 





Myers as a source of supply. For modern testing and production 
example, take delivery. Our com- 


plete stock of mechanical parts 


facilities and large staff of appli- 


cation engineers— but not too big 


pends on it. But if you’re used to 
thinking of features like extra- 
large ball bearings, extra insula- 
tion and complete rust protec- 
tion as cost-raising motor 
requirements, take an extra look 
at the standard features of R & M 
motors. 

Asa user of motors in quantity, 
naturally you will also want to 
know some of the facts about the 


advantage of having Robbins & 


makes quick delivery of motors 
requiring electrical and mechan- 
ical modifications a matter of 
course. 

These facts are important. In 
short, they mean that R & M is 
big enough to serve—through its 





for service. 


If you want the best possible 
motor performance— backed up 
with prompt service and de- 
liveries—write us today for 
complete information. 


ROBBING = MYERS, inc. 


SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


x —— 
a | ~~ a 
"i : , a ees} 2Q 
’ d \ tn 
Fractional & integral h p Electric Electric & Hand Moyno Propellair Industrial 
Motors & Generators Fans Hoists & Cranes Pumps Ventilating Equipment 











POLYPHASE 
SQUIRREL-CAGE 
MOTORS 





Wagner integral horsepower open type poly- 
phase squirrel-cage motors in frames 364 and 
smaller are completely dripproof in the normal, 
sidewall or ceiling horizontal positions, because 
there are no ventilating openings in the frame. 
Larger open type motors are not dripproof, but 
dripproof construction for normal horizontal 
mounting can be supplied if required 









MOTOR TYPES 


4 


ELECTRICAL TYPES 








TYPE | CHARACTERISTICS RATINGS APPLICATIONS 
, Group or individual drives on machine 
Normal torque, normal %-400 hp, 3- or 2- 
slip ieighenianins full- phase, 25 to 60 oon Rie ae pa, a 
load slip less than 5%) cycles, all standard | SE™T¥ga! Pumps—on any application 
voltages. where normal torque motors are satis- 


factory. 





High torque, normal 
(approximate full-I 
slip less than 5%) 


1%2-200 hp, 3- or 
2- phase, 60 cycles, 
all standard volt- 
ages. 


slip 
load 


Crushers, plunger pumps, belt conveyors 
starting under load, large air com- 
pressors, large refrigerating machinery, 
mixers and other high starting torque 
applications. 





High torque, high 


(approximate full-load 
slip 5 to 8% or 8 to 13%) 


slip Ya—-150 hp, 3- or 2- 
phase, 25 to 60 
cycles, all standard 
voltages. 


Punch presses, shears, metal drawing 
operations, balers and other machinery 
equipped with flywheels or having fly- 
wheel effect. 





High torque, high 


RP-7 


slip 15 to 18%) 





(approximate full-load 


slip 1-60 hp, 3- or 2- 
phase, 25 to 60 
cycles, 110 to 550 
volts. 








Elevators, cranes, hoists, dumbwaiters. 





WOUND-ROTOR POLYPHASE MOTORS 





stant or adjustable v 
ing speed. 


RS-1 


Continuous Duty... con- 


1 to 250 hp. 3- and 
2-phase, 25 to 60 
cycles, 110 to 550 
volts 


ary- 


Conveyors, compressors, pulverizers, etc., 
requiring continuous operation. 





RS-2 





Intermittent Service... 
Crane and hoist duty. 


2 to 200 hp. 3- 
and 2-phase, 25 
to 60 cycles, 208 
to 550 volts. 








Elevator, crane, hoist and similar services 
requiring short periods of operation. 










CHARACTERISTICS 


7 


Capacitor-start induction, 
high starting torque, normal 
starting current For general 
purpose single-phase appli- 
cations 


SINGLE-PHASE MOTORS 


OPEN TYPE RATINGS 


Y%-3 hp, sleeve or ball bear- 
ings, rigid or resilient base 
115, 230 or 115/230 volts, 
25 to 60 cycles. 





MOTOR-TYPE VARIATIONS 












Type TK, totally enclosed non-ventilated 
Y-Yr hp 





Repulsion-start induction, 


Ya-15 hp. Sleeve bearings, 


high starting torque, low 
starting current. For general 
purpose single-phase appli- 
cations 


rigid base all ratings; ball 
bearings through 7 2 hp; re- 
silient base through 1/2 hp. 
115/230 volts, 25 to 60 
cycles. 


Type TA, totally enclosed non-ventilated, 
Y2-3 hp 


Type HA, totally enclosed non-ventilated 
explosion proof, Y2 hp. 








Repulsion-induction, high 
starting torque, for applico- 
tions involving a very long 
starting period 


1-5 hp. Sleeve or ball bear- 
ings, rigid base. 115/230 
volts, 60 cycles. 


Type HC, totally enclosed fan-cooled 
explosion proof, |-3 hp 














Split-phase induction, low 
starting torque, high starting 
easy to start 
small fractional hp applica 


current. For 


tons. 





1/20- hp, sleeve or ball 
bearings, rigid or resilient 
base. 115 or 230 volts, 25 
to 60 cycles 





Type TB, totally enclosed non-ventilated, 
1/20-'"4 hp 


Wagner Quality Motors-. 











Hs2 
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== Sor your product or yout plait 


“WEITTTTD1t h ee” 


Multispeed squirrel-cage motors are used where more thon 
one running speed is required, but where close speed “~ 
regulation is not required. They are built with the same 
electrical characteristics and the same types of enclosure 

as single speed motors. 


ENCLOSURE TYPES 
SPLASHPROOF 


Type XP-1, normal torque, %-125 hp, and 
type XP-5, high torque, 3-50 hp. 50°C, 
single speed, ball bearing, rigid bose, 
horizontal. 


































rcs CHARACTERISTICS SPEEDS APPLICATIONS 
. D 
TOTALLY ENCLOSED NON VENTILATE Seaside Sates eset eal 
- the same torque rotings of tions, stokers, con- 
Type TP-1, normal torque, Ya-15 hp. 55°C, single _ each speed and the horse- 2, 3,07 4 veyors, printing 
-@« + speed, sleeve or ball bearings, rigid base, ~ power varies directly as the presses 
horizontal. speed. 
Variable Torque motors hove Typical applico- 
torque ratings which are tions; fons, blow- 
directly proportional to the ers, centrifugal 
TOTALLY ENCLOSED FAN-COOLED it Chua «+ see aie 
Stee! Frame Construction horsepower varies as the applications 
Type CP-1, normal torque, 1-250 hp; type CP-5, square of the speed 
high torque, 3-75 hp. Standard. 
Type HP-1, normal torque, 1-250 hp; type HP-5, 
high torque, 3-75 hp. Explosion proof 
Constant Horsepower motors Typical applico- 
Cast Iron Frame Construction have the same horsepower tions; lathes, bor- 
See WK: conned Geseeta, SSO tac ne ORE rating ot each speed and the 2,3 0°r 4 ing machines and 
bicgh pocottind 3-75 hp pe tee Pi ? torque vories inversely with other machine 
: 3. 
’ the speed tools. 
Type JP-1, normal torque, 2-250 hp; type JP-5, 
high torque, 3-75 hp. Explosion proof 














GEAR MOTORS 


Wagner single-phase and polyphase squirrel-cage motors, open and 
enclosed types, combined with nationally known gear units. 1/20 
to 50 hp. with speeds and mountings to meet most requirements. 


HERMETIC MOTORS 





Wagner can provide hermetic motors to power your equipment. 
Wagner hermetic motors are available for both polyphase and 
single-phase applications. These hermetic motors, like all Wagner 
Motors, are backed by more than sixty years of motor building 
experience. Each Wagner hermetic motor is precision-built and 
carefully tested. 















INCREMENT TYPE 
MOTOR AND STARTER 
COMBINATION 


A low-cost combination of a 


DRY-TYPE TRANSFORMERS 







JET PUMP MOTORS 


Type RK—Single-phase, capaci 
tor-start, open type, 40°C. with 
round frame, ball bearings, and 


FAN DUTY MOTORS 


Type TM — Shaded-pole, totally 
enclosed non-ventilated, no 
temperature rating, for shoft 


Type AE—Two coll single-phase. Ratings |-10 
kvo—Designed for wall mounting, and suitable 
for indoor or outdoor installation. 15-100 kvo— 
Designed for floor or plat 




















polyphase squirrel-cage motor, 
wound with two parallel star 
circuits, and a magnetically oper 
ated two step increment type 
starter, which limits the inrush of 
current at starting 


MSI-14A 












NEMA face type back endplote 
for horizontal or vertical end 
mounting. Built to NEMA stand 
ard dimensions and performance, 
in ratings %& to | hp, 60 cycle 
3600 rpm, 50 cycle 3000 rpm, 
115/230 volts 
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ELECTRIC 


AUTOMOTIVE 


mounted propeller fons which 


draw air over the motor. | / 125. 
1/80, 1/40, 1/30 and 1/20 
hp; sleeve bearings, round frame 
or with rigid or resilient base. 3 
speed reactor controllers can be 
supplied if specified 





WAGNER ELECTRIC CORPORATION 
6406 Plymouth Ave., St. Lovis 14, Mo., U.S.A. 


MOTORS: 





BRAKE 





TRANSFORMERS - 


SYSTEMS — AIR 


form mounting. For indoor 
service only. Type AP two 
coll three-phase dry-type 
transformers and single- 
phase and three-phase 
dry-type avuto-trans- 
formers are also available. 










AND HY 


INDUSTRIAL 





BRAKES 


DRAULIC 






BRANCHES IN 31 PRINCIPAL CITIES 











FORD “317” INDUSTRIAL ENGINE 
V-8, 90° Overhead Valve Type 


INDUSTRIAL 
ENGINES 
lead the field! 











YOUR JOB IS WELL- POWERED 





CLOSED POWER UNIT 
Available with 6 cyl. and V-8 cyl. 
Ford Industrial Engines 
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EXPERTS CONSTANTLY DEVELOP 
ENGINEERING ADVANCES 


~ 
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CONSTANT RESEARCH 
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UNWAVERING HI-PRECISION 
STANDARDS FOR LONG LIFE 


re <r 





MASS PRODUCTION METHODS 
BRING LOWER FIRST COSTS 
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MATCHLESS FACILITIES FOR 





Designers of powered machinery in many 
fields of industry are rapidly adapting their 
equipment to accommodate the newer type 
high-compression, low- friction engines of 
Overhead Valve design. 


Marked advances in the efficiency and 
economy of internal combustion engines have 
been developed through the facilities of 
Ford’s vast Engineering Research Labora- 
tories. Under most exhaustive testing, the 
short-stroke Overhead Valve type, with its 
increased compression ratio and decreased 
friction, delivers more actual power at the 
clutch than was formerly possible in engines 
of comparable displacement. 


When you specify a Ford Heavy Duty 
Industrial Engine for your equipment, you 
get a complete “‘Power Package,”’ precision- 
built, dynamometer-tested, fully equipped 
and ready-to-run. Ford Engine Assemblies 
and Power Units, ranging in displacement 
from 134 to 317 cubic inches, can be custom- 
built to meet special requirements of virtually 
all types of applications. 


We will welcome an opportunity to demon- 
strate convincingly that “‘Your Job is 
WELL-Powered when it’s FORD-Powered!”’ 


@ Ford Sales Engineers are always in the 
field and at your service. They will be glad to 
discuss your power problem and extend 
every assistance in helping you solve it by 
recommending the most efficient use of 
Ford Industrial Power in your application. 


INDUSTRIAL ENGINE DEPARTMENT 


FORD MOTOR COMPANY 


15050 Woodwerd Avenue, Highland Park 3, Mich. 


NATION-WIDE PARTS AND 
SERVICE AVAILABILITY 


INDUSTRIAL ENGINES 
AND POWER UNITS 


Hiss 





Will One of These HOWARD fractional h.p. motors 
fit your application? 


INDUCTION 
MOTORS 


to 1/12 HP. to 1/20-H.P. 1/300 to 1/1400 H.P 


=3700 


we 


1/40 to 1/20 HP. 1/200 to 1/75 H.P. 1/50 to 1/13 HP. 1/25 to 1/4 HP. 


1/45 to 1/30 HP. Pp. 1440 to 1/12 HP. 1/200 to 1/80 HP. 


UNIVERSAL 
AND D.C. 
MOTORS 





‘115 to v8 HP: 


Here’s How You Can Find Out! 


Write today, wire (Cyclohm, Racine) or phone our 
Sales Department (Racine 2-2731) and give us full information 


and specifications on your motor requirements. We will Uou. Coon. +22 a wotor 
recommend the HOWARD motor that can be adapted to by te Zs l 
your job and samples will be made promptly for your t 4 , 


engineering department test. Compare performance, 


delivery, quality. Be sure you have the full story before UNIVERSAL and 
DIRECT CURRENT MOTORS 1/1000 to 1/2 H.P. 
you select a motor — be sure you have the facts 
V/ 1/8 H.P. 
on HOWARD motors. SHADED POLE MOTORS 1/2000 to 


INDUCTION MOTORS 1/1400 to 1/4 H.P. 


HOWARD fractional h.p. motors are being used by 


many leading manufacturers of aircraft, business machines, 
appliances, cameras and projectors, electronic equipment, H Oo W A 134 D 
portable power tools, sewing machines, vending 


machines and hundreds more. 





Check with us today on your quantity motor requirements. DEPT. PE-6 HOWARD INDUSTRIES, INC. 
RACINE, WISCONSIN 


DIVISIONS: 
EMC ELECTRIC MOTOR CORP. & everowm MOTOR CORP. 


RACINE ELECTRIC PRODUCTS 
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SPECIALIZED ROTATING 
ELECTRICAL EQUIPMENT 
ALTERNATORS * BLOWERS * MOTORS 





INDUCTION 60 and 400 cycles Variable and Dual Frequency Induction Motors 
MOTORS Single, two and three phase Motors for use on aircraft variable frequency supplies 
operation. 1/1500 to1/3H.P. to drive fans, blowers, pumps, etc. Other EAD motors 
1” to 6-5/8” in diameter. for use on dual and special frequency supplies. 





SERVO 
MOTORS 





Small, precision motors 


SYNCHRONOUS MOTORS GEAR MOTORS Games Sy Sires eee 


and for other special 


Hysteresis and Salient Pole Types Precision units giving high purposes where low 

60 and 400 cycles. ® 1/1500 to 1/3 H.P. torque with wide variety inertia and high torque 
1” to 6-5/8” in diameter. of gear ratios. Powered by ratings are desirable. 
Dual speed, permanent magnet and 60 cycle, 400 cycle or 





D.C. excited units also available. 





variable frequency motors. 


Na wail 














2. Low Harmonic Content: 


ALTERNATORS 


3. Dual Frequency: 





units capable of units capable of 
1. Power: ‘ler : ; 
delivering a sine wave producing a combination 
up to 400 volt-amps. with less than 2% total of frequencies and 
wide frequency range. distortion for instruments voltages for special 


and test equipment. applications. 


sO 2@¢ 


BLOWERS A complete line of lightweight, compact fans and blowers 
for cooling electronic equipment or for generai purpose use. 

and FANS Capacities range up to 1000 CFM with special designs 
available for high static pressures. Single and double 
ended — 60 cycle, 400 cycle and variable frequency. 











D.c. TACHOMETER hee: D.C. —— = a a } ; { 
voltage signal proportional to speed, 
GENERATORS with high linearity for tachometer and A 
control applications. 


EASTERN AIR Wa Te ay INC. 585 DEAN ST., BROOKLYN 17, N. Y. 
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POWER TO FIT THE MACHINE . 


WISCONSIN Heavy-Duty 


POWER CURVES 





DIMENSIONS 
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‘and 4-cylinder Engines 








Single Cylinder Engines 


Supplied in six different models, in a power range from 3 to 9 hp., 
Wisconsin 4-cycle single cylinder Air-Cooled Engines offer selec- 
tivity that provides complete usable power, as components on 
original equipment, without power waste. All of these engines can 
be furnished with reduction assembly, clutch assembly, or as stand- 
ard engines with extended crankshaft, for ready mounting of driving 
member. All models are equipped with tapered roller bearings at 
BOTH ends of the crankshaft for maximum heavy-duty serviceability 


and protection against bearing failure. 


All Wisconsin Engines are furnished with rotary type, high tension 
outside magneto, equipped with impulse coupling for quick, easy 
starting at low cranking R.P.M. Torque curve of single cylinder 


models peak at approximately midway of R.P.M. range. 


SPECIFICATIONS 





MODEL ABN AKN AEN AFH AGH AHH 
BORE 2," 2% 3" 34," 3," 3%" 
STROKE 2% 2%," 3%," 4" 4" 4” 
No. of CYLINDERS I ! ! I ! ! 
DISPL. CU. INCHES 13.5 17.8 23 33.2 38.5 41.3 
H. P. RANGE 22—46 32-62 45-625 60-72 7.2-864 7.7-—-9.2 
SPEED RANGE— 

RPM 1600-3600 1600-3600 1600-3600 1600-2200 14600-2200 1600-2200 
NET WEIGHT, LBS. 

Standard Engine 7% 7% 110 180 180 180 

Added Weight for 

Clutch 26 26 35 35 3s 3 

Added Weight for 

Reduction 18 18 25 60 60 60 

Added Weight for 

Clutch Reduction 6c 8c ec 80 





7 to 


These engines provide smooth power range continuity from the 
single cylinder series through two 2-cylinder models and the V-type 
4-cylinder models tabulated in specifications. For equipment oper- 


ating under variable power loads, such as small tractors, com- 


bines, baling presses, concrete mixers and comparable mobile or 
stationary equipment, these engines offer extremely flexible power, 


ideally suited both to the machine and the job. 


All heavy-duty features are incorporated in these engines and they 
may be supplied with special equipment as listed below, and multi- 
cylinder models as completely housed Power Units. 


SPECIFICATIONS 














ee 
| MODEL TE TF VE4 VF4 VG4D 
a BORE sg ¥," _— 1%," 3," 
a : STROKE 3," 3," 3%," 34," 4" 
pal No. of CYLINDERS 2 2 S a 4 
1 DISPL. CU. INCHES 45.9 53.9 91.9 107.7 154 
ae H. P. RANGE 7.2—11.2 8.7—146 13-215 1S—25 25—36 
7 SPEED RANGE — RPM 1400-2600 1400-2600 1400-2400 1400-2400 1|400-2200 
NET WT. IN LBS 
Standard Engine 210 210 295 295 410 
a Standard Engine with 
i? Side Mount Tank 220 220 315 315 440 
ciel Standard Power Unit 255 255 355 355 495 
T { \ Added Wt. for Clutch 5) 38 40 40 100 
| a Added Wt. for Reduction 65 65 
. Added Wt. Clutch Re- 
duction 8s 8S 90 90 150 
; 4 SPECIAL EQUIPMENT: Variable speed controls, electric starting, Stellite-faced 
T exhaust valves and valve seat inserts, clutch take-off assemblies ond reduction 
r assemblies con be furnished on all models. Clutch reduction assemblies available 
7 for larger single cylinder and all 2- and 4-cylinder models. Special equipment 
LG lle must be specified at time engine is built 
“ NOTE: Write for your copy of new 64-page catalog illustrating more than 260 
original equipment service applications of Wisconsin Heavy-Duty Air-Cooled Engines 
+ ) 


due? WISCONSIN. MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Co 


MILWAUKEE 46, WISCONSIN 


ed Engines 





TO 







3 to 9 hp. 


36 hp. — Power 








Fil THE JOB . 
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APPLICATIONS 








TYPICAL EQUIPMENT AND SERVICE 
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Leland explosion-proof 
ether pump motor. 


t Moto 








Leland explosion-proof 
hose reel motor. 





Leland repulsion-start, 
induction-run standard 
motor in drip-proof 
open frame provides 
high starting torque 
for many general- 
purpose applications. 


oe ~ 


Leland explosion-proof 
gasoline pump motor. 


Leland flange-mounted 
oil burner motor. 


See AMF’s new, exciting television show, “OMNIBUS”, every Sunday. Check local paper for time and channel. 
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Look 0 LaGal / 


@ Pioneer developers of @ Builders of fine motors, 1/6 to @ Noted for creative engineer- 


explosion-proof motors for 5 HP—open, enclosed, explosion- ing of electric motors for many 


many purposes. 


Leland serves the needs of Original Equip- 
ment Manufacturers...offers them unusually 
close and effective engineering liaison... 
supplies them with motors that are not only 
right for the application, but also extremely 
free of service difficulties. 


Since Leland engineers developed their first 
Underwriters’ approved, explosion-proof 
motor 30 years ago, Leland has consistently 
maintained leadership in this field. Today, 
Leland explosion-proof motors power more 
gasoline dispensing pumps than all other 
makes combined. Low-voltage, battery- 
operated Leland explosion-proof motors 
drive hose-retracting reels on modern airport 


proof—various electrical types. 


special applications. 


fueling and crash trucks and on fuel oil 
delivery trucks. Even the ether pump motors 
in many hospitals bear the Leland name on 
their explosion-proof labels. 


Take advantage of Leland’s wide assortment 
of motor types and designs, in the range from 
1/6 to 5 horsepower. Whether you require an 
open, enclosed, or explosion-proof motor, 
you'll find the same high quality and depend- 
ability in a Leland motor as you have 
endeavored to build into your own product, 


For a more detailed picture of Leland’s 
facilities for motoring your products, please 
write for Bulletin 201-B. 


LELAND (JS) ELECTRIC“ 


DAYTON |, OHIO 


Division of AMERICAN MACHINE & FOUNDRY COMPANY, New York 
In CANADA, Leland Electric Canada, Ltd., Guelph, Ontario 


@ prodvcls 





HAYDON 


AT TORRINGTON 


HEADQUARTERS FOR 


TIMING 


Timing Motors and Time Control Devices are the only 
products manufactured by HAYDON*. We specialize 
in the manufacture of timing components for standard 
applications and in the design and mass production 
of custom-engineered timers for volume applications. 
The basic element of all HAYDON timers is our own 
rugged industrial motor. 


_h 


SPPAAMALA¢A A 


-. 


TIMING MOTORS 


The 1600 Series is the basic 
motor of the HAYDON line. 
This motor offers dependable 
performance, small size, 
total enclosure, operation 
in any position, controlled 
lubrication, simple assembly 
and a wide range of stand- 
ard speeds from 60 to 1/60 
rpm. Can be supplied to 
military specifications. 





The 4400 Series offers very 
slow output shaft speeds for 
all normal duties. This motor 
is unique in providing the 
speed range available in 
such small space, with totally 
enclosed gearing, at com- 
paratively low cost. Affords 
many possibilities for eco- 
nomical design without resort 
to the bulk and expense of 
external reduction gearing. 


The 3100 Series motor con- 
sists of the basic HAYDON 
motor and a heavy-duty gear 
train in a round housing. 
Designed for applications re- 
quiring higher torque at slow 
shaft speeds, this unit is par- 
suitable for chart 
drive use in recording and 
control instruments. 


ticularly 





The HAYDON 9200 Series 
D.C. motor for timing appli- 
cations is designed for oper- 
ation from 6 to 30 volts. It 
can be supplied uncalibrated 
for use with external resist- 
ance or calibrated with resist- 
ance type leads. 


The 9250F Series D.C. motor 
provides the more uniform 
torque and speed character- 
istics of a unit wound for 28 
volts, and has an R. F. Inter- 
ference filter. The current 
and power drain is lower 
and no calibration is re- 
quired. 


6700 


*TRADEMARK REG 


The 6700 Series 400 cycle 
timing motor is an hysteresis 
type 
motor, essentially two phase. 


synchronous timing 
It is furnished with capacitor 
for self starting operation on 
single phase. Variations in 
temperature, voltage and 
heat do not affect timing, 
which is as accurate as the 
frequency control. 


U.S. Part. OFF 


HAYDON Manufacturing Co., Inc. 


Subsidiary of GENERAL TIME Corp. 
300 ELM STREET, TORRINGTON, CONNECTICUT 
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***TIME CONTROL DEVICES 


The 7008 Series Elapsed 
Time Indicator is designed 
specifically for 400 cycle 
operation in airborne equip- 
ment. Barrel diameter is 
1.525”, length 24%’, weight 
6 oz. Power consumption is 
less than 3 watts and it indi- 
cates in units of tens of hours 
up to 10,000 and repeats. 


The 5700 Series Elapsed 
Time Indicators provide sim- 
ple, compact and accurate 
metering of elapsed time for 
60 cycle operation. They are 
designed for use as inexpen- 
sive components for equip- 
ment requiring register of 
total operating or job time, 
or with existing machinery 


and devices. 





The 5103 Series Time Delay 
Relay is an hermetically 
sealed timer for military 
applications. It can be sup- 
plied for 60 or 400 cycle 
A.C., or D.C. The use of a 
relay coil for switching oper- 
ation imposes a minimum 
load on the motor which is 
assigned to its true function 
as a time standard. 





The 5900 Series Time Delay 
Relays provide time delay or 
interval timing in various 
ranges up to 10 minutes for 
such applications as the pro- 
tection of power tubes, or 
timing portions of a complete 
cycle of operation. 





The 5800 Series Timers offer 
extreme flexibility and 
adaptability for timing prob- 
lems requiring continuous re- 
peat cycling, or single cycle 
operation to be initiated by 
an external circuit. These 
HAYDON timers are built 
up by various combinations 
of motors with adjustable, 
blank or specially designed 
cams operating a series of 
precision snap switches. 


5800 


The 8006 Series is a rugged, 
heavy-duty intervcl timer for 
general commerial, industrial 
and appliance applications 
Construction is the simplest 
possible, for low cost and 
long life, consisting basically 
of a standard HAYDON 
synchronous motor driving 
through external reduction 
gearing a notched cam to 
operate a heavy switch, with 
a friction to permit setting. 


f 


ens - 


WRITE FOR FREE LITERATURE 


— tell us where your interest lies and we'll 


send complete appropriate information. 
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32 Years of Specialization 





in engineering, designing and manufacturing electric 
motors has earned Howell a position of leadership in this 
field. Highly skilled craftsmen and modern manufac- 
turing techniques combine to supply motors of proved 
reliability. A nationwide organization of well - trained 
sales engineers stands ready to assist you in the solution 
of motor application problems. Howell ingenuity thrives 
on the hard jobs. In our files are more than 19,000 elec- 
trical design specifications made to meet the varied and 
. each 


exacting requirements of individual customers . 
Howell Motor is job-engineered. 


Howell Motors are available from % to 500 h.p. in 
a wide variety of mechanical and electrical variations. 


ENCLOSURES 


ELECTRICAL 
CHARACTERISTICS 


Drip-proof (open-type), totally enclosed, 
weather-protected, explosionproof, sani- 
tary, splashproof 


Voltages — 24 to 4800; frequencies — 25 
to 480 cycles; speeds — constant (0 to 
28,800 rpm) or multi-speed (2, 3 or 4 
speed); reversing — as many as 90 free 
reversals per minute; insulation—NEMA 
Classes A, B, H or Special A; thermal 


MOUNTINGS 
AUXILIARIES 


MODIFICATIONS 


protectors available for all motors 


Polyphase motors 
mal torque, low 


stant torque; variable 


reluctance synchronous 
Single-phase motors 


duction run; capacitor 


— normal torque; nor- 
starting current; 
torque, low starting current; high 
elevator; crane and hoist; torque; 
torque; 
horsepower; wound rotor; part winding; 


high 
slip; 
con- 
constant 


CONSTRUCTION 
FEATURES 


capacitor start, in- 


start, elevator: 


permanent split capacitor; two value 


capacitor, tor que 


COOLING 


cooled 


HOWELL 


Atlanta, J. L. Underwood Co., Inc. 

Battle Creek, Howell Electric Motors Co. 

Birmingham, Birmingham Industrial 
Machinery Co. 

Buffalo, A. F. Zissler 

Cedar Rapids, Globe Machinery & Supply Co. 

Charlotte, Piedmont Engineering Corp. 

Chattanooga, Dixie Industrial Service Co. 

Chicago, Howell Electric Motors Co. 

Cincinnati, Howell Electric Motors Co. 

Cleveland, Howell Electric Motors Co. 

Davenport, Globe Machinery & Supply Co. 

Denver, Hathaway-McCartney Engineering 
& Supply Co. 

Des Moines, Globe Machinery & Supply Co. 





Hos 


APPROVALS 


Nonventilated, fan-cooled, auxiliary- 


SALES AND SERVICE 


Detroit, Howell Electric Motors Co. 
Grand Rapids, Howell Electric Motors Co. 
Houston, Wm. E. Brice Co. 

Indianapolis, Glenn E. Bound 

Kansas City, Mo., W. C. Carolan Co. 

Los Angeles, Robert A. Young & Co. 
Louisville, Wilhelm & Schnur Electric Co. 
Memphis, Equipment Sales Co. 
Milwaukee, Holt Electric Motor Co. 
Minneapolis, Alton M. Johnson Co. 

New Orleans, Wm. S. Huey 

New York, C. H. Ribble Co. 

Omaha, Henry W. Miller Electric Co. 
Philadelphia, C. C. Lucas, Jr. 

Pittsburgh, Edw. J. Boyle Co. 





Horizontal, vertical (shaft up or down), 
NEMA face or flange, special mountings 
Disc -type brake 
motors 


motors, gear motors, 


Motors with special shafts, mountings, 
flanges, bases, frequencies, voltages, in- 
sulation, performance or applications will 
all be furnished in the same dependable 
manner as standard motors; couplings, 
zero speed switches, brakes and other 
special equipment can be supplied; par- 
tial motors and a complete line of in- 
duction-type frequency converters 
also available 


are 


All rotors are of copper or copper alloy 
construction and are dynamically bal- 
anced at rated speed; complete insulation 
in each slot cell, between top and bottom 
coils, and between all phase groups; sta- 
tors are impregnated twice with phenolic 
resin base varnish and twice baked 


NEMA, JIC, ASA, AIEE, Underwriters’ 
Laboratories, CSA, 3A, Federal, U.S 
Navy, Marine 


OFFICES 


Richmond, Va., Herbert J. Baer 

Rochester, N. Y., A. F. Zissler 

Rockford, Ill., Howell Electric Motors Co. 
Saginaw, J. George Fischer & Sons, Inc. 
St. Louis, Bates Sales Co. 

Salt Lake City, Campbell-Elsey & Co. 
San Francisco, Monarch Supply Co. 
Santa Clara, Calif., Monarch Supply Co. 
Syracuse, A. F. Zissler 

Toledo, H. M. Hoot 

Utica, Robert H. Schaub Co. 

Washington, D. C., Irving M. Day Co. 
Wichita, Murdock Electric & Supply Co. 
Worcester, Machinery Electrification, Inc. 
York, Pa., Earle L. Moreland 


HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 


Manufacturers of precision-built motors for industry since 1915 
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HE most important single factor 

in motor application in any prod- 
uct is to get the right motor for the 
job. That’s why R & M offers such 
a wide variety of type and sizes of 
complete motors and matched motor 
parts. 

But you may have special re- 
quirements that a standard motor 
won't meet. If so, we’d rather de- 
sign a special motor to meet those 
requirements than see you take an 
“off-the-shelf”? compromise. That’s 
why we also custom-design, eco- 
nomically. 

Ordinarily custom-designing is a 
slow, expensive process. Here at 
R & M things are different. We 
have designed the unique R & M 


The unique R & M “Electrical Slide Rule,” thot 
computes motor performance in minutes, in- 





stead of doys or weeks — makes custom- building 


practical and economical. 


COMPLETE MOTORS—oa wide variety of standard designs or 


economically custom-designed to meet special problems. 




























“Electrical Slide Rule.’ This is a 
motor performance computer that, 
in a matter of minutes, gives the 
designer the answers to a compli- 
cated set of formulas that usually 
takes a day or two to work out. 
Naturally it’s to your benefit~ as 
well as ours to offer this service 

Our small motors have a gratify- 
ingly low failure rate. We do some 
special things to assure this—dia- 
mond-turned commutators; special 
varnish impregnation; glass insula- 
tion where temperatures require; 
and so on. 


Some Typical Applications 


Business Ma 
Equipment 
.. Hedge Trimmers 
Mowers... Polishers Waxers 
. Food 
Vibrators 
lroners 


Advertising Devices 
chines Recording 
Projectors 
Lawn 
... Drink Dispensers. . 
... Hair Dryers 
Washers 


Mixers 

Dish 
. Refrigerators 
. Vacuum Cleaners. 








fh PPR 
= *y 
aa 
Cg i eee (Se 
ss 
Fractional & Integral Electric Electric & Hand Moyno Propellair Industrial 
Motors & Generators Fans Horsts & Cranes Pumps Ventilating Equipment 


MATCHED MOTOR PARTS, standard or custom 


designed, produced to close tolerances 


How to Select the Fractional HP Motor 
That’s Exactly Right for Your Product 


ROBEING « MYERS, inc. 


MOTOR DIVISION: SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 





Power Tools Drills Grinders 
Nut Setters Screw Drivers 
Routers Planers Sanders 
Saws Hammers Die Sinkers 
Nibblers Polishers Velve Grind 
ers Hones Grease Guns 
Compressors . Pumps Oil Burn 


ers Sirens... Ventilating Equip 
ment Dental and Surgical Instru 
ments 


Have You These Bulletins? 


Write for those you'd like to have: 


Motor Parts for 
Portable Tools 
Universal Motors 
Capacitor Motors 
Universal and D¢ 
Motors 
R & M “All-Weather” | 
Motors—up to 125 HP : 


Let Us Tell You More 


We have built millions of small motors 
for thousands of different applications 
We feel well qualified, with engineer 
ing skill and experience, and ample 
manufacturing facilities, to help you | 


solve 






your problems. It won't cost 


you anything to find out, of course 


All. Weather san Rk & M Trademark 


A versatile line of high quality, precision made 
motors in ratings from 1/30 to s horsepowe™ used 
by leading equipment manufacturers on a growing 


N EMA list of applications. 
The large number of special types 1OW in pro- 


C Face Mountings duction permits the adaptation of present castings, 
windings and mountings to meet New design prob- 


lems at a minimum of expense- 
e 
7 
Long Shaft Motor ysed for 
Coolant ond Air Conditioning 


Standardized Type 


‘9 
42 Frame Ce Circulating Pumps 
e 
Do 


Motor Parts for Industrial Oil Burners 


56 Frame 


Two-speed Exhaust 


Fan Motor 


66 Frame 


We welcome © chance to give you more details on these motors 


Electric Couporalion 


CEDARBURG WISCONSIN 
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802 HOMER AVENUE 


“felechwn 


MARK F MING E 





























Type IM-9 








Product Engineering 


Minimum friction 
on rotor bearings 


Shading coil 





For automatic devices, instruments, control 
equipment—wherever time is a factor in product 
performance—Telechron Synchronous Timing 
Motors are your best assurance of dependability 


Telechron motors are CONTINUOUSLY ACCURATE 
... because they’re true synchronous motors with 
one rotation for every cycle of the alternating cur- 
rent source. Lightweight rotors enable virtually 
INSTANT SELF-STARTING reach full speed in 
approximately 3 cycles. All gears and bearings 
are PERMANENTLY LUBRICATED 


by a generous 


Hobbed gears 


Continuous 


lubrication 


Controlled 
lubrication of 
terminal bearing 





mee Sealed rotor unit 


oil reservoir sealed into the dust-free rotor unit 
With Telechron motors, you get the benefit of 
dependable Application Engineering Service. En- 
gineering specialists in timing problems study 
torque, temperature limits, 
. recommend the motor 


your requirements 
running period, etc 
best suited, and at lowest cost. 

Write for complete catalog and application 
data sheet. Telechron Department, General 
Electric Company, 802 Homer Ave., Ashianc 
Massachusetts. 





SPECIFICATIONS 





Speed* Torque— pound-inches 





0 
Rotation 50 cy 25 cy 


Rated 
watts 
input 


Over-all dimensions 
(inches) 


Shipping 
Wt. (ibs.) 





3.6 rpm 018 018 2 





2-11/64 x 2-3/4 x 1-9/32 





1,2,3, “ 375 375 2 
4,6 rpm 





3.6 018** 5 
- = 
1/2 rpm d 375 3 4 
1 . 340 
2 ‘ | «a 
4 ‘ } .09 
60 006 











1 rpm 1.0 0.8 
y 0.5 0.4 
4 0.25 0.2 








1 rpm 2.00 1.60 

y 1.00 0.80 

4 0.50 | 0.40 

i 

1 rev. in any of following periox 
Minutes—5, 15, 30, 60 
Hours—1, 2, 3, 4, 6, 8, 12, 24 
Days—1, 2, 3, 7, 14, 30 

















* Standard direction of rotation facing termina 
rotation available in some models 


+ —__—_—__+_—__ __— 


| 2-17/64 x 2-3/4 x 1-63/64 
+— = 
| 2-3/16 x 2-9/16 x 1-5/16 


x 3/8 





—EEE - - 


shaft end—clockwise, except for IM-9 which counter-clockwise. Reversible 


* * Intermittent maximum peak torque 375 dependent on duty cycle 


* * * Type IM-9 provides a totally enclosed circular gear trair 
Has special backlash eliminators 


Rie actionie 


Adaptable to most instrumentation and especially for chast drive 
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PROTECT YOUR*— 
from Za_\_1_1 
OVERHEATING Sed a Sak 1S 


“Bearings, oil lines, 
chemical processes, 
heating ducts, coolants, etc. 





Catalogs 





and 





NO EXTRA CON- 
TROL PANEL SPACE 


we Bulletins 





Request additional information using 
postcards following page 24 


N E MONITOR UNITS LO- 


TEMPERATURE sewn 
INDICATING 
& 
ALARM SYSTEM 


The Edison Omni-Guard 
Monitor will protect your 


(T-1) MOTOR CONTROLS Ar 
row-Hart & Hegeman Electric Co 
Catalog 11, 190 pp. Complete informa 
tion on type RA motor controls, con 
sisting of magnetic contactors, and 
reversing contactors. Also data on a 
line of manual starters, push button 


onmaanece 
-- 


stations, and interchangeable control 
units, midget relays, limit switches, and 
push button selector switches 





investment in equipment— 


prevent production delays TWO STANDARD = ('T-2) MOTOR CONTROL HAND 
c COPPER WIRES OK rT Bradl Catal ll 
—reduce repair costs—and CONNECT, EACH BOOK < en Bradley, Catalog, ; 
1p Complete specifications on the 

release personnel for POINT TO THE PI I I 
© P CONTROL PANEL. company’s line of : d-« apparatus, drum 


other duties. 








Reduces Installation Costs by 50% or more. Alarm panel units can be grouped 
as and where needed — close to the protected equipment or in the control room. 
Resistance thermometers can be installed in practically all types of equipment 
and require minimum of wiring installation. 


Low Equipment Cost. Buy only the number of units you actually need. Add 
more points later, as required, in form of plug-in units. 


One Indicator Serves Multiple Points. Plug-in feature provides direct tem- 
perature reading at each position or from control room without requiring 
compensation for ambient conditions. Spot check of temperature, or continuous 
observation to determine rate of change. 


Euch Circuit Independent of Others. Each circuit is “on guard” at all times. 
No scanning or circuit switching to delay alarm. Warning sounds the instant 
trouble occurs. 


Absolute Dependability. No electronic tubes. Monitors without moving parts. 
Relay contacts operate only during alarm. Nothing to “wear” out. No adjust- 
ments of maintenance to complicate your problem. 


No Personnel Training Required. Alarm light positively identifies trouble 
point. No switches to operate or leave in wrong position. Personnel are free 
to perform other duties. 


individual Alarm Setting for Each Point. Individual calibration for alarm 
temperature is provided. Accessible without removing cover of unit. 


Write now for new Bulletin No. 3036 just off the press. 


———, 
omas Qc Eatinan.. 


INCORPORATED 


Instrument Division 
23 Lakeside Avenue, West Orange, New Jersey 








You Can Always Rely on Edison 


switches, rheostats, speed regulators 
starting and magnetic switches, push 
button limit switches, accessories, syn 
chronous starters. Has many illustra 
tions and installation hints 


(T-3) CONTROLLED OPERA 
TIONS—Eagle Signal ¢ orp., ¢ atalog 
50 pp Describes a line of reset timers 
multiple circuit reset timers, repeating 
cycle timers, revising timers, and a re- 
set counter. Contains wiring diagrams 
illustrations and complet specihica 


tions for each model 


(T-4) MOTOR GENERATOR REI 

ERENCE BOOKLET—Allis-Chalmers 
Mfg. Co. Booklet 51R7933, 50 pp 
Assists in the selection of motive pow 

er to handle most industrial applica 
tions. Has illustrations of various types 
wiring diagrams, and engineering data 
on each type. Covers d-c motors; d- 
generators; induction motors; all types 
of motor generator sets; synchronous 
motors: and data on motors in general 


(T-5) AUTOMOTIVE ELECTRI 
EQUIPMI NT Westinghouse Ele 
tric Corp. Booklet B-5651, 36 pp Dis 
cusses the characteristics of motors 
controls, packaged drives, dynamom« 
ters, and other types of electrical aj 
paratus. Each type of equipment ts 
appraised in relation to its place in the 
production line Design and test pro 
edures are also described 
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PEERLESS MOTORS 


CAPACITOR MOTORS Quietnes and low mainte SPECIAL TYPE MOTORS Vertical motor flange 
nance recommend this motor. Simplicity of construction motors and jreat variety of other special types are 
permits fewer wearing parts and service is practically being prod or many of the nation’s leading equip 
eliminated ment ma 


ESE ES Sh A A RR! 





POLYPHASE MOTORS Econorn : 

peration and little maintenc re short cir 

yuired. Peerless Polyphase mot 1s | proof, “ 
laminated stee ind or rok n is type. All features and constr 
practically indestructible. NEMA standards 


Peerless Electric specializes in designing and building job-matched, 
custom-built electric motors for quality equipment manufacturers. Peerless does 
not pull a motor off the line and merely change a nut or bolt — it works hand- 
in-hand with your design engineers to create the specific motors you require and 
Peerless is equipped to build them on large or small production runs. If the 
motor you need is from 1/2 HP to 15 HP in NEMA or special frames, you'll 
do well to talk it over with us. 

A letter, wire or phone call starts the ball rolling. If necessary, we'll fly 
a Peerless engineer to your to go over motor problems. 


—s 
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KOHLER 


CONTROLS 


PRECISION 





Eugine Primers for Tudustrial Applications 


Kohler engine primers, available in two sizes, 
eliminate the usual causes of primer failure. They 
are used by leading Diesel engine manufacturers, 
builders of personal planes, by engine starting 
system fabricators and for other applications. 
Ball checks open and close alternately with 
each stroke to insure a complete suction stroke 
and a complete discharge stroke. Two synthetic 
“QO” rings produce a seal which maintains the 


suction and discharge strokes and also prevents 
handle leakage. This gives 100% displacement of 
fuel and assures a steady even flow to the com- 
bustion chamber. A ground seat and machined 
seating pin on the piston tip eliminate fuel seepage 
and flooding when primer is not in use. 

These light-weight aluminum primers operate 
with gasoline, oil or ethyl ether. Call on us for 
your next engine primer requirement. 


Kohler Co., Kohler, Wisconsin. Established 1873 


KOHLER or KOHLER 


PLUMBING FIXTURES - NEATING EQUIPMENT + ELECTRIC PLANTS + AIR-COOLED ENGINES + PRECISION CONTROLS 
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Choose 







MOTORS 





SINGLE PHASE: 


Split Phase Induction—VYe, 4, Va H.P. 


Capacitor— Ve to 20 H. P. 
Repulsion start, brush lifting, 
induction—'2 to 20 H. P. 


SELECTIVE SPEED 
DRIVE: 


A complete line of adjustable 





speed drives for coordinating ol! 
Write for Bulletin Nos kinds of production processes 


Split Phase . . . . . « 1-5PI 





Write for Bulletin No, 11-1P1 
Cosetiey « «s+ 6 « « MONO 
Repulsion Stort . . . . 2-1P1 
eeeeeeeeeeeeeeeeeeeeeeeseeeeeeei eee eeeeeeeeeeeeeeeeeeeeeeeeeeee 


POLYPHASE: GEAR MOTORS: 


Ye to 15 H.P., single, double and 


triple gear reduction 


Squirrei Cage Induction— 
Ye to 400 H. P, 
Wound Rotor Motors—! to 400 H. P. 
Synchronous Motors—20 to 150 H. P 
Write for Bulletin Nos.: 
Squirrel Cage, Drip Proof—é-1P! 
Squirrel Cage, Splash Proof—é-1P3 
Squirrel Cage, Enclosed Fan Cooled—é-1 P41 
Squirrel Coge, Explosion Proof—é-1P45 
Wound Rotor—6-3? | 
Synchronous—6-5P 1 


Write for Bulletin Nos 


Ya to % HP. . 4-5P21-61 
1 to 15 H.P.. . 4-1P31 





S 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee @eeeeeeeeeeeeeeeeeeeeeeeeeeneeseeneenee 


DIRECT CURRENT: GENERATORS: 


All capacities—% to 300 H. P. 
Write for Bulletin No. 10-1P1 


AC, .63 to 250 KVA 
DC, .75 to 200 KW 
Write for Bulletin Nos 


AC, .63 to 250 KVA—18-1P21 
OC, .75 to 200 KW—18-1P1 








Motors listed above are available in Open 
Rated Drip Proof, Splash Proof, Totally 
Enclosed Fan Cooled and Explosion Proof 
frames—and with a dozen different methods of 
mounting. They are unusually quiet starting 
and running and unusually free from vibration. 





Te CENTURY ELECTRIC COMPANY 
1806 Pine Street, St. Lovis 3, Mo. 


Please send me the following bulletins 


(fill in numbers here) 


Nom Title 
Cz CENTURY ELECTRIC COMPANY *: 4 
ompon 
1806 Pine Street, St. Louis 3, Missouri i , 
\ as Offices and Stock Points in Principal Cities = 
City Zone Stote 
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(T-10) VERTICAL MOTORS—U.S 

A.C. Electrical Motors Inc. Bulletin F1454- 

oa 60M, 16 pp. Range of verticlosed mo- 

tf tors extends from 11/4 to 400 hp 


Engineering data includes discussions 
of tandem bearings; dual balancing of 
rotors and the motor assembly; and 
use of automatic backstops. Single 
phase hollowshaft motors to 5 hp. De- 
scribes and illustrates new features 


(T-13) PULSE CONTROL UNITS 

Control Instrument Co., Bulletin, 
16 pp. Together with illustrations and 
circuit diagrams, it describes: pulse 
generators, with a frequency range ol 
15 cycle to 4.5 megacycles flip-flops; 
pulse gators; coincidence detectors 
pulse delays; mixers; and power sup 
plies and controls. 


(T-14) SPECIAL ROTATING 
EQUIPMENT—Electric Specialty Co., 
Catalog 52-PD, 12 pp. Illustrations of 
applications of special a-c and d-c mo 
tors, motor generator sets, rotary con 
verters, and dynamotors. Also lists fac 
tors in the selection of motors 


(T-15) EXPLOSION PROOF MO 
TORS—The Louis Allis Co. Bulletin 
800, 12 pp. Fully illustrates a line of 
explosion-proof motors is described, 





MODEL 10CW 
10,000 watts A.C. 
showing special features, typical uses, 


and various electrical and mechanical 
modifications available 


tN “Se 


(T-16) PUSH BUTTON CON 
Arrow-Hart & Hegeman 
Electric Co., Booklet, 12 pp Has a 


\ 
W \ a complete line of oil-tight push button 
ONAN Electric Plor controls that includes standard, extend 
ed and mushroom buttons, 2 and 3 pe 
sition selector switches, and pilots 
f— >) Costs less than any other together with suitable legend plates 
Check these complete electric plant! Line has complete interchangeability 


) 
advantages! You can’t match it anywhere in perform- 





Many illustrations and closeup view of 
° , Ss t 
ance, equipment or value! Wherever you witches 


nee ; > > $ -¢ plectrici — - TO*T — . _ 
eed an independent source of electricity (T-17) INSTRUMENT AND TIM 
. . « for trailers, cranes, loaders, any kind * a 

of mobile equipment, the Onan CW has IN« ’ M( ) TC RS ( rle ason Ave ry, Inc 
many exclusive advantages. It is compact Catalog, 10 pp Has specifications of 
lightweight, and amazingly quiet-running. synchronous and nonsynchronous in 
Its exclusive Uni-Duct vacuum cooling 
system simplifies installation. All moving 


¥& High capacity for big jobs. 

¥%& Twin-cylinder, horizontally-op- 
posed, air-cooled, alternate- 
firing engine. 

¥*% Aluminum-alloy cylinder heads. 


W® Extra-large, replaceable bear- strument motors: series 5OO gear reduc 


ings ‘ . ¢ _ P ; ; \ 
% Full-pressure lubrication, 6-quart and heated parts are safely enclosed. Air- ion motors, and temperature controls 
oil capacity, oil filter cooling avoids trouble from leaking o- comp! te with rating charts and mount 
% Impulse-coupled, high-tension freezing of coolants. Unit-built, direct- ing dimensions Has list of possibl 
magneto ignition; radio sup connected construction and massive bear- iwplications 


ings assure long-life and minimum mainr- , 


tenance. 


pressed 
¥%& Quiet, vacuum air cooling of 
generator and engine 


¥% Excellent accessibility; snap-off Model 5CW 


housings. 


(T-18) AIRCRAFT ENGINI 
STARTERS Jack & Heintz, In 


Bulletin 1500, 10 pp. Descriptive data 








® Extremely quiet running 5,000 watts performance curves, Cutaway drawings 
¥%& High performance generators Same advanced design and photos of a line of starters. in 
let th con 
*% Completely equipped with cor as the IOCW with all | cluding those for both reciprocating 
trols and instruments its exclusive advantages. § | I { rraf 
Built for heavy duty, eco- and turbojet engines, and aircral vi 
Ms S nomical operation. tank « ngine starters 








‘ (T-19) GEARMOTORS—Star-Kim 
Write for Detailed Specifications! ble Div. Bulletin B-601, 8 pp. Data on 


a a line of a-c and d-c gearmotors with 
D. W. ONAN & SONS INC 
a . 


6869 University S.E., Minneapolis 14, Minnesota and-double-reduction 


ratios from 2.5:1 to 97:1, and 14 to 


5 hp Gearings are planetary, offset 
or right-angle wormwheel, and single 
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Squirrel-Cage 
Drip-proof Type 








“Secledpower’ 
Totally-Enclosed 
Fan-cooled 


Sqvuirrel-Cage 
Totally-Enclosed 
Non-Ventilated 


DC Open Type (illustrated), Drip-proof 
Also Drip-proof Guarded 
Brake Motor 


@ Like the sterling mark on silver, an Elliott 
Crocker-Wheeler motor on a machine tool, pump, 
fan, textile machine, is a positive indication of the 
quality which the machine builder has put into his 
product. 


Wound-Rotor 
Drip-proof Type 


The Elliott C-W line of integral motors is complete, 
covering a range of 1 to 200 hp, all types available 

Explosion-Proof : ‘ er ont on . 

“Sealedpower” including the new Elliott C-W Gearmotor. 

Your local Elliott representative will give you all 

the facts —or write Elliott Company, Crocker- 

Wheeler Division, Ampere, N. J. 


DC Mill Motor ELLIE oTT Company fo 
CROCKER-WHEELER DIVISION 


Gearmotor 
Single reduction 
with broke 


Ww3-11 
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HAS A WIDE RANGE 
OF CARBURETOR TYPES 





TO FIT A WIDE RANGE 
OF APPLICATIONS! 


Are you looking for an unusual size or type of 
carburetor? Perhaps Zenith* has the answer to 
your problem. For more than 35 years Zenith 
has been designing and building carburetors for 
every type of engine—ranging from single 
cylinder lightweights to the most rugged and 
powerful of gasoline engines. The chances are 
you can use a unit Zenith is now making and avoid 
the cost of a specially designed carburetor. 

On the other hand, if your carburetor require- 
ments are highly specialized, Zenith’s engineer- 
ing experience will prove invaluable in solving 
questions of placement, efficiency and economy of 
operation. Just remember, whatever your carbu- 
retor problem, it will pay you to look to Zenith 
for the answer. *REG. U.S. PAT. OFF 


ZENITH CARBURETOR 
DIVISION OF Bendix 


AVIATION CORPORATION 


696 Hart Avenue, Detroit 14, Michigan 
MANUFACTURERS OF FINE CARBURETORS AND FUEL FILTERS 


Export Sales: Bendix International Division, 205 East 42nd Street, New York 17, N.Y 
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Barcol. 


Small Motors 


© UNIDIRECTIONAL 


© SYNCHRONOUS 
OR REVERSIBLE 


Pe me 
GEAR REDUCTION 


© UPTO 1/30 H.P. 


© ENGINEERING 
SERVICE 


BARBER 
COLMAN 


BARBER-COLMAN COMPANY, 1218 Rock St., Rockford, Illinois 
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WHEN YOU HAVE A CONTROL PROBLEM 





Federal Noark control unit for a New Jersey Machine Cor- 
poration’s labelling machine that eliminated costly switch and 
relay chattering. Above is opened unit showing electronic 
brain, Federal Noark manual and magnetic motor starters 
and oil-tight push-button switches. 


FEDERAL NOARK’ 
CAN SOLVE IT 


CUSTOM DESIGN and the manufacture of complete control 
panels is a very important part of Federal Noark business. 
It has proved the perfect solution for hundreds of control prob- 
lems, and always incorporates standard Federal Noark Motor 
Controls that are outstanding for their simplicity of design, 
efficiency of operation, and easy, low-cost maintenance. 
Whenever you have a control problem, submit it to us. 
Federal engineers will find the solution, and Federal Noark will 


build the control units required for top service and economy. 





FULL LINE OF MOTOR STARTERS UP TO 400 H.P., 600 VOLTS, A.C. 





BULLETIN 504 

Across-the-line Magnetic 
Motor Starters in sizes 0, 
1, 2, and 3... the heart 
of today’s most elaborate 
controls. Only one moving 








unit . . . coils changed in BULLETIN 534R 

ds. : 7 , 
seconds Magnetic Multi-Speed Starters with full BULLETIN 454 
selective control up to 4-speed. Overload 
protection. 


OTHER NOARK STARTERS 


BULLETIN 424 


Reversing Manuva! Motor Starters, 


BULLETIN 4345S 


Two-Speed Manval Motor Starters. 


Manual Reduced Voltage Starter. 





BULLETIN 514 


Combination Non-Revers- 
ing Motor Starters with 
front-operated motor cir- 
cuit disconnect switch, 
permitting close ganging. 
Thermal overload protec- 
tion. BULLETIN 515 
Combination Non-Revers- 
ing Motor Starters with air 
circuit breaker. 








BULLETIN 502 


Magnetic Contactors with auxiliary con- 
tact for 3-wire control. 


BULLETIN 554 


Reduced Voltage Mag- BULLETIN 522 
netic Compensotor Stort- 
ers with adjustable pnev- Reversing Contactors. 


matic timer and overload 
protection. BULLETIN 524 
Reversing Starters with thermal over- 


load protection. 


BULLETIN 528 





BULLETIN 950 

Solenoid Type Relays in 
any combination of nor- 
mally open and closed cir- 
cuits, up to 12 circuits. 0 
to 600 volts. 














Federal Noark products: Stab-lok Circuit Breokers, 
Motor Controls, Safety Switches, Service Equipment, indus 
trial Circuit Breakers, Panelboards, Switchboards, Contro! 


Centers, Bus Duct Pacific Electric Manufacturing 
Company products: High voltage circuit breakers and 
power switches ¥% Sales offices in principal cities. 
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Combination Reversing Starters with 
motor circuit disconnect switch. 

PUSHBUTTON STATIONS 
A complete line of stand- BULLETIN 529 


ord and heavy duty ste- Combination Reversing Starters with 


ti i tertight - iil 
a air circuit breaker. 


closures as well as for quae 
hazardous locations. Sur- For complete specifications write to 
face and flush mounting. Federal Electric Products Co., Industrial 


Control Division, 1429 Park Street, 
Hartford 1, Conn. 








FEDERAL 


NOARK 





His 














/ FORD 
INSTRUMENT yp 


COMPONENTS 


Ford Instrument Company makes 
the finest precision instruments 
and mechanisms for industry and 
the armed forces. 


CROSLEY 


DIVISION OF AVCO 





Quality-Minded Manufacturers 
preety Sage Demand Quality Motors 


The world-famous manufacturers, whose trade-marks you see 
above, can’t afford to take chances with inferior rotary electrical 
equipment. The products they make must perform dependably 
day in and day ovt — in order to protect and further the out 





standing reputations of these companies. 
FORD MECHANICAL DIFFERENTIALS 
with single spider gear—available in 
3/16,” 1/4” and 5 16" shaft diameters 
—high accuracy, low friction. 


Here at EEPCO we have worked with these industry leaders in 
the research and development of efficient, economical power 
sources for their products. In all cases, we have delivered from 
our production lines rotary electrical equipment that easily meets 
the extremely high standards maintained by these companies 


Whatever your problem is, whether it is a complicated dyna 
motor or a simple shaded pole motor, or armatures and fields 





the EEPCO engineering staff is at your service to develop and 


pY—-88 D oe produce the best unit for you 
) ynamotor 





Write, wire, or phone for complete details 


ELECTRO ENGINEERING PRODUCTS CoO. 


609 W. LAKE STREET, CHICAGO 6, ILLINOIS 


_ 


* 
FORD TELESYN UNITS are available in 
wide selection of sizes—proved preci- 
sion accuracy, corrosion and fungus * P-M DC MOTORS & GENERATORS © CAPACITOR TYPE MOTORS © UNIVERSAL MOTORS 


resistance mean better synchros when * DC MOTORS & GENERATORS © SHADED POLE MOTORS (2-4-6 Pole * P.M AC GENERATORS 
you specify Telesyn 








TACHOMETER 
GENERATORS 





FORD SERVO MOTORS (60 and 400 


for extremely low inertia and 

high frequency response. 1/5; 44; 144; 
5 0-watt models in both low 

and high voltage, including magnetic 


amplifier controlled types. 


; 





FORD ELECTRICAL RESOLVERS avail 


ible in sizes 23 and 41 —interchange 

ability temperature compensation 
60°F to +160°F, highest accuracy 
idaptability, 400 cycle frequency 





built to the 
tightest specifications 


Ford Instrument also makes mag- 
netic amplifier systems, computers, 
converters, mechanical integrators 
and other instruments and equip- 


ment. Write for more details Permanent-Magnet A-C, Permanent-Magnet D-C, and 
Py A-C Drag-Cup Types. Also special small A-C and D-C 
ta Motors. Send complete Data for a Quotation. 


VW 


FORD INSTRUMENT COMPANY INSTRUMENT (4 Motors 


Division of The Sperry Corporation 
31-10 Thomson Ave., Long Island City 1, N.Y. 
g ) P.O. BOX 5 + ACOSTA STREET + STAMFORD + CONNECTICUT 
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< — J 
@ The heavy duty 
centrifugal 
@ The little 
1400 series 


BPE covcrnors 


preferred for gas (LPG), gasoline 







and diesel industrial engines... 
big, medium and small 


Pierce centrifugal governors are your 
most dependable and efficient control 


mechanisms for industrial engines . . 
® The standard long 


‘rom small generator sets to monster power 
range 900 series 


units . . . gas (LPG), gasoline or diesel. 
For engines requiring extra power to 
x position fuel rack or valve, the Pierce 
_entrifugal with hydraulic booster (for 
original equipment only) is ideal! Pierce 
offers a ready solution to most 


a 


TEMA 


engine governing problems . . . send full 
) details and specifications on your 
particular problem. Complete 


engineering service available. 


X 


@ The hydraulic booster ~~ 
for extra power on aaa 


ra 


< 


Piercy 


— 
: 


racks and valves 


; 


THE PIERCE GOVERNOR CO., INC. 


1686 OHIO AVENUE, ANDERSON, INDIANA 


“World's Most Experienced 
Governor Manufacturer” 
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NEW BOOKS 


Electrical and Electronic Components 





Basic Electronic Test Instruments 
hy Rufus P. Turner, Registered Pro- 
fessional Engineer, 254 pages,6x 9 
in. Published by Rinehart Books, 
Inc., 232 Madison Ave., New York 
16, N. Y. $4. 


This book covers the test instruments 
used in television, radio and the gen 
eral electronics field in a nonmathemat 
cal manner which eliminates all un 
necessary theory. The basic principles, 
operation, and construction of these 
instruments are covered, and their prac 
tical applications are discussed in such 
a way as to be helpful to the technician, 
the radio and television service man, 
the hobbyist, and the engineer. It is 
assumed that the reader has a funda 
mental knowledge of general radio and 
electronic theory 


Electrical Measurements Manual 4) 
C. H. Dunn and H. J. Barker, As- 
sistant Professors of Electrical En- 
gineering, Rensselaer Polytechnic 
Institute. One of Prentice-Hall Elec- 
trical Engineering Series, William 
L. Everitt, Editor. 6 x 9 in., 112 
pes. Published by Prentice-Hall, 
Inc., 70 Fifth Avenue, New York, 
N. Y. $4.35. 


This book is intended for use as a 
text for an elementary laboratory course 
in electrical measurements. The first 
hapter presents laboratory techniques; 
while the remainder of the book con 
tains a well-balanced selection of thirty 
live experiments. 

The experiments may be divided into 
categories: (1) the types and 
haracteristics of basic electrical instru 
ments; and (2) the use of these in 
struments in the measurement of ele 
trical 


(wo 


ind magnetic quantities 

Relay Engineering by Charles A. 
Packard, Chief Engineer, Struthers- 
Dunn, Inc., 640 pages, 5 x 7 in. 
Published by Struthers-Dunn, Inc.. 
Philadelphia, Pennsylvania, $3. 


This book attempts to aid the eng 
neer who must specify the correct types 
of relays for a given application, and 
must determine the circuits in 
which they are to be used. The infor 
mation is treated in a practical manner 
and theoretical discussions have been 


H7s 


who 


omitted or reduced to the minimum 
necessary for understanding the text. 
The manual is divided into the fol- 
low ing sections 
(1) selection of 
task; (2) applications and cir 
cuits. This section includes a large 
number of typical simple and complex 
relay circuits. (3) relay components 
This section covers the mechanical and 
electrical details of specific relays 


a relay for a Spc 
cine 


American Electrician’s Handbook 
by Terrell Croft, Consulting En- 
gineer. Revised by Clifford C. Carr, 
Head of Dept. of Electrical Engi- 
neering, Pratt Institute. 1,773 pp, 
5 x 7% in. Published by McGraw- 
Hill Book Co., 330 W. 42nd St., 
New York 36, N. Y., $10. 


Although intended primarily for 
practical men in the electrical field, 
such as wiremen, contractors, and line- 
men, this book may be of interest to 
many design engineers. 

Besides covering all the basic elec- 
trical jobs, it includes authoritative in- 
formation on such subjects as electron 
tubes and circuits, fundamentals of 
construction, operation and application 
of electronic devices in industry, con 
trol generators (Amplidyne and Roto 
trol), electronic control of motors, 
automatic electric drive control, syn 
chros, dry-type transformers, copper- 
oxide and selenium rectifiers, Signalitie 

thermoplastic insulated wire, 
load-center indastrial distribution sys 
tem, fluorescent-lamp 
and interior and exterior wiring 


fuses, 


de elopments 


Metadyne Statics by Joseph M. Pes- 
tarini, Lecturer, MIT and Colum- 
hia Univ. 415 pages, 6 x 9 in. Pub- 
lished jointly by the Technology 
Press of Mass. Institute of Tech- 
nology and John Wiley & Son, Inc., 
140 Fourth Ave., New York 16, 
iV. Bae See 


This is a fundamental discussion of 
1 new group of electric machines by 
the man who first recognized their com 
mon properties and potentialities 

Metadynes are usually used in 
tems of machines rather than individ 
ually as is conventional machinery 
These systems can be designed to ab 
sorb power under a prescribed relation 


SYS 


Product 


ship between torque and speed, as well 
as response time. They are applicable 
to electric locomotives, rolling mills, 
cranes, sources of electric power for 
distribution systems, amplifiers, trans 
formers, generators et« 

Dr. Pestarini’s approach to the an 
alysis and design of these machines ts 
general—permitting arbitrary distribu- 
tion of windings and brushes around 
the machine. An almost unlimited 
range of characteristics relating speed, 
voltages, torque and currents can be 
obtained. 


Primer of Electronics and Radiant 
Energy by Don Caverly, Second Ed- 
ition; 6 x 9 in., 342 pp. Published 
hy McGraw-Hill Book Co., Inc., 
330 West 42nd St., New York 36, 
N. Y. $3. 


With the many 
radio and television fields, and with 
the development and use of atomic en- 
ergy to peacetime projects, there has 
been a desire for information about the 
electron and radiant energy. This book, 
containing general principles underly- 
ing electronics and how radiant energy 
is produced and controlled, is actually 
. digest of information on how elec- 
trons, protons, neutrons, and other 
composite atomic particles behave and 
are controlled, and how the radiant 
energy from their release is utilized 


advances made in 


Electromagnetics by John D. Kraus, 
Prof. of Electrical Engineering, 
The Obio State University, 6 x 9 
in., O04 pp. Published by the Mc- 
Graw-Hill Book Co., 330 West 
(2nd St., New York 36, N. Y., $9. 


This volume, intended both as a 
textbook and as a reference work for 
practicing engineers, presents a_thor- 
ough, well-balanced treatment of ele« 
tromagnetic theory beginning w ith ele- 
mentary principles of electric and mag- 
netic fields and progressing through 
the more advanced theory and applica 
trons 

The first half of the covers 
static electric and magnetic fields, 
steady electric currents, and time chang- 
ing electric and magnetic fields. The 
second half is a continuation which 
treats space waves, guided waves, radi- 
ition, and boundary-value problems 


bx 0k 
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SECTION I—ELECTRICAL AND ELECTRONIC COMPONENTS 








Electrical Symbols and Standards Following | 


Fundamental Electronic Circuits 

Fundamentals of Transistor Action . 

Tantalytic Capacitors for Low Voltage Us 

The Precision Potentiometer As a Voltage Divider 


Developments to Watch 
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AND 


STANDARDS 






ELECTRICAL SYMBOLS 


There is no general industry agreement on graphical symbols 


for electrical components. Different groups advance different 


ards 





BASIC SYMBOLS AND MISCELLANEOUS DEVICES 





—— 





a “ae 





sometimes forgotten. 


Association 


Builders Association 


and from 


se 


the National 


proposals. And the fact that the symbol must be simple is 
Perhaps the following material will 
provide a start for that end. It is based in the main on the 
Engineering Drafting Standards of the Ford Motor Company, 
but has been supplemented by data from the American Stand- 
Machine Tool 



































Connecting Disconnect Electrical Mechanical Ground Heater 
Block ing Device Connection Connection Element 
~ |. ‘ _ eS = ) Lo» 
Thermal Mechanical Bimetal Twin Conductor Coaxial Cable Twin Coaxial 
Element Interlock Element Cable 
| r} ry 
=p SW tee Hs SO 
a a .§ 
Conduit or Conduit or Fixed or Moving Contact Shielded Wires Shielded Wires 
Grouping Grouping Adjustable with 
Contacts Shield Grounded 
—o o— —P +— : S<€ —s —O 2 -—o 
Spark Gap Needle Point Paired Installation Vibrator Reed Split 
Spark Gap Conductors Splice Vibrator Reed 
ime Pa 3 FA —/ 
Counter Solenoid Rheostat Potentiometer Spark Plate Magnetic Core 
CAPACITORS RESISTORS 
ee ett A AA sune AAAADO 
1 ¢ =p 4 are ¥ v ¥ V 
TK AT rao or or 
— ~<——}- —  —k- 
Fixed Adjustable hiel : 
, Shielded Fixed Fixed, with Adjustable 
Terminals Two-wire or 
—}}=— a Rheostat 
+= — | ee — "a. 
: Tapped Adjustable 
Variable Split Stator With Mechanical Tapped Three Lead or Three-wire or 
Differential Linkage Voltage Divider 





Voltage Divider 


Copyrighted 1953 by McGraw-Hill Publishing Company 
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BATTERIES 
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COILS 
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Single Cell Three Cells Series of With With Overload Contactor Relay 
With Polarity Cells or Leads Terminals Type Operating Type 
Shown Batteries L L ~~ 
BLOWOUT OPERATING 
FUSES AND CIRCUIT BREAKERS CONTACTORS 
Raat al os 
. * a Normally Normally N. 0. with N.C, with 
Fuse Air Circuit —_—_ Open Closed Blowout Coil Blowout Coil 
Breaker Multi-Pole 
Air Circuit ( 
: a.” Breaker 
Q)annm 
Thermal Trip 
Air Circuit y 
Breaker a oe 
O O O O O O e) 
0 0 Oo oO C =>} 
O O O O Cc O Three Pole Three-Pole Electrically Operated 
Manually with Blowout Coils 
Oil Breaker, Oil Breaker, Operated and 2 N.0. and 1N.C 
Single Throw Double Throw Auxiliary Contacts 
RELAYS JACKS 
Contact Spring Sleeve Two 
Orv Conductor 
Open ov, oly J) sea Beea 
With Make With Break Double Winding . 
h kK 
Contact Contact Bry aol Three Series 
Conductor Three Conductor Three Conductor 
with Auxiliary Contacts Gang 
SIGNALS om) r 
With Specific * With Specific —S v— 
Operating Features* Operating Features“ Bell Buzzer Ringer 
*Signs designate proper poling. Current in the direction indicated 
will move or tend to move the armature toward the contact LAMPS 
shown neorest the core. if the relay is equipped with numbered 
terminals, the proper terminal numbers should be shown *) 
AC —Alternating current or NB — No bias 
ringing P — Magnetically polarized General Indicating Illuminating Ballast 
D — Differential using biasing spring, or Resistance 
DB — Dashpot having magnet bias or Heating 
EP — Electrically polarized SO — Slow operating *Use letter or letters to indicate color 
'00— tant enaetion SR — Slow release A—Amber O — Orange W — While 
: SW — Sandwich wound B — Blue OP — Opalescent Y — Yellow 
FR — Fast release to improve balance C — Clear P — Purple FL — Fluorescent 
MG — Marginal to longitudinal currents G —Green R — Red 
THERMOSTATS RECTIFIERS A-c 
rT 
+ 
a D-C 0-C 
Half Wave 
Self- Externally Integral External A-C 
Heated Heated Heater Heater Full Wave 

















Electron Tubes and Communications Equipment 








ANTENNAS 


w-Y & 





Non-Directional 











ELECTRODES 
Directly Indirectly Cold Photo- Pool ignitor 
Heated Heated Cathode electric Cathode 
Cathode Cathode Cathode 


A———<1 he 


lonic Heated Controlling Deflecting Collecting Collecting 

Cathode with Grid Electrode Anode or and Emit 

Supplementary Plate ting Dynode 
Grid 

















Directional 
REPRODUCER 
V 
General Electro- Crystal 
magnetic 
CRYSTALS 
Detector Piezo-Electric 
MICROPHONES 
General Single Double 
Button Button 
Moving Velocity Crystal 
Coil 


TUBE ENVELOPE 


) a 
| 
e — yy 
High Gas Filled Internal External Keyed Base 
Vacuum Shield Shield 


‘ terminal 
lead 
Small 
pin™ 


Base with Bayo 
net or Other 
Reference Point 


Base Terminals Envelope Terminals 














LOUDSPEAKER OR HORN 


is 





Permanent 
General Magnetic Magnet with 
Armature Moving Coil 





AIA] PaO 


Electromagnetic Electromagnetic 
with Moving Coil with Mechanically 
Operated Diaphragm 





RECEPTACLES 
Non-Polarized Polarized Three 
Conductor 
Polarized 








SELECTED ELECTRON TUBES 





° 
Voltage Regulator Power-Amplifier Beam Power 
OA3/VR75 Triode 6A3 Amplifier 6V6 


(Shows cold-cathode Shows filament 
anode, and gas 


field envelope) 


Shows heater, grids, 

cathode, grid base pins, and 

and high vacuum indirectly heated 
envelope) cathode) 


o @ 


Phototube Multiplier Cathode Ray Tube 
(Shows a photo- Shows electrostatic 
electric cathode, deflecting electrodes) 

an anode 

and four dynodes) 





Diode-Triode- 
Pentode 3A8-GT 
(Shows tapped 
filament, rigid 
erivelope terminal 
and keyed base 





Left-Mercury Pool with ignitor 
and Control Grid 
Right-Mercury Pool with Excitor, 
Control Grid and er Be 
Holding Anode 








INDUCTORS 





3 3 3 3 





Fixed 


Adjustable 


L. a oJ 


Shielded Magnetic 


Core 





METERS AND INSTRUMENTS 





(4) « 











A —Ammeter 

AH 
CMC - 
D— Demand Meter 
F — Frequency Meter 


Ampere Hour Meter 


G — Galvanometer 
GD — Ground Detector 
| — Indicating 
M — Integrating 
OHM — Ohmmeter 
OSC — Oscillograph 

PH — Phase Meter 


Contact Making Clock 


Pi — Position Indicator 
PF — Power Factor Meter 
RF — Reactive Factor Meter 
PEC — Recording 
RD — Recording Demand 
Meter 
S — Synchroscope 
TLM — Telemeter 
T—Temperature Meter 
VRH — Var-Hour Meter 
VAR — Varmeter 
Vv — Voltmeter 
WH — Watt Hour Meter 
W — Wattmeter 


TRANSFORMERS 
Fixed Adjustable 


ere 
1 
| 


de 3 


Magnetic Core Magnetic Core 


and and Shielding 
Shielding One Winding 
Mov ing 
coil 
Variable 
Coupling 
Auto 
Transformer 





e 3 


Magnetic Core Variable Core 


R 


Variable Co.e 
One Winding 
Only 


3 


Tapped Winding 


er?) 


ow 


a) 


Unequal Ratio 








eee”) 


Multi-Winding 
and Magnetic Core 





SWITCHES, GENERAL 


7 


“ Sf7 


Knife Switch Multi-Pole 
Knife Switch 
: 3 
| 
Wafer 
Switch { - 
| 
F \ | 
_— 
; ' — 
oO | 
Oo a ae 
" Multi-Selec 
tor with 
Mechanical 
Connection Wafter, from 
End Opposite 
Selector Control Knob 





PUSH-PULL SWITCHES 























4 AO ’ 
N.C N.O. N.O N.O 
a0 “ole pots foros ofe's 
o|° me C cue C 
v vo 
= Pull Push-Pull Push-Pull, Turn-Hold 
2 Circuit 
ne ae —_—, 
Momentary 
ot a of 
@) 
o ¢ Oo N.O N.C 
Single Double 2-Circuit Rotating AG L —{_} 
Pole Pole Cams 
is | ee 
Mercury 
N.C 
‘on me! lon 
+r r . L 4 | LS. 
O N.O | 
Pressure or Vacuum Floa Limit 





PUSH BUTTON SWITCHES 


tool ob dh. 


Normally 
Open 


Normally 


Closed 3-Point 3-Point 


Latch 


alo 262 St2 ale ole 


Qlo | . 





000 LL 
Double Double O~ Ly 

Double Circuit Circuit 

Circuit 3-Point 2-Pole Maintained Contact 





TIMING RELAY CONTACTS 


a & yl 


~~, a 











Energized 


ets energized 





OVERLOAD RELAY CONTACTS 


OAKO Oo O 
a ee \————,, e 
y 
Thermal Delayed Trip Instant Trip 
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MOTORS AND GENERATORS 


Om OG © 


Repulsion 


Armature Field Wound Rotor 
Induction Motor 


or Generator 


Motor 


3-Phase 3-Wire 
Squirrel Cage 
Induction Motor 


3-Phase Synchronous Motor, 
Generator or Condenser 
with Both Ends of Each 
Phase Brought Out 


Lom! OS 


D-C Shunt Motor or 2-Wire Gen- 
erator with Commutating and/or 
Compensating Field Winding 


D 


Single Phase 3-Phase 
Induction Motor Reluctance Motor 


Separately 
Excited Motor 
or Generator 








Dynamotor 


Complete One line N 
ed 7 
D-C Series Motor or 2-Wire Generator 
with Commutating and/or D-C 3-Wire 


Compensating Field Winding 


Left-3-Phase or 2-Phase 3 Wire Shunt 
Characteristic Brush Shifting Motor 


Right-3-Phase or 2-Phase 3 Wire Shunt 
Characteristic Brush Shifting Motor 
with 3-Phase Rotor 


L_ /00 L__ 


D-C Compound Motor or 
2-Wire Generator or 
Stabilized Shunt Motor 


3-Phase Synchronous Motor, 
Generator, or Condenser 
with Neutral Brought Out 


Compound Generator 


Single Phase Single Phase 
Shaded Pole Repulsion Start 
Motor Induction Motor 


Separately Excited 
D-C Generator or 
Motor with Com- 
mutating and/or 
Compensating Field 
Winding 








L_ (000 L_ 


D-C Shunt Motor or 
2-Wire Generator 





Regulating 
Exciter-Shunt Wound 


bE 


Single Phase 
Synchronous 
Generator 


D-C Series Motor 
or 2-Wire Generator 


D-C 3-Wire Compound Generator 
with Commutating and/or 
Compensating Field Winding 


— SOO 


3-Phase 
Regulating Machine 


—; = 





WINDING SYMBOLS 


OW’) VY Ge 


2-Phase 3-Phase Wye 3-Phase 
Wye Grounded 


Single Phase 


O@® @ 


3-Phase Delta 6-Phase 
Diametrical 


6-Phase 
Double Delta 
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Selected Electrical Standards 





AMERICAN STANDARDS 
ASSOCIATION 


Cl-1951 — National Electrical Code. 
C2.4-1941 (1947) — Safety Rules for the 
Operation of Electrical Equipment and Lines 
(NBS Handbook H34) 

C6.1-1944 —Terminal Markings for Electrical 
Apparatus. 

C7.24-1951 —Method of Test for Resistivity 
of Electrical Conductor Materials (ASTM 8193 
-49). 

C8.1-1944 — Definitions and General Stand 
ards for Wire and Cable (AIEE 30-1944). 
C12-1941 — Code for Electricity Meters. 
C16.14-1949—Color Codes: Numerical Val 
ves, Decimal Multipliers, and Tolerances for 
Components for Electronic Equipment (RMA 
GEN 101). 

C16.17-1951 —Terminology for Piezoelectric 
Crystals (49 IRE 14.S.1). 

C18-1947 — Specifications for Dry Cells and 
Batteries (NBS Circular C 466). 

C19.1-1943 — Industrial Control Apparatus 
(AIEE 15-1944). 

C39.1-1951 — Electrical Indicating Instruments 
C39.3-1948 — Specifications for Shock Test- 
ing Mechanism for Electrical Indicating Instru 
ments. 

C50-1943 — Rotating Electrical Machinery. 
C55.1-1951 — Standards for Capacitors (AIEE 
18). 

C57- Transformers, Regulators, and Re- 
actors. 

C64.1-1950— Brushes for Electrical Machines 
(NEMA CB1-1951). 

C73-1941 (R1946)—Attachments, Plugs, and 
Receptacles, with supplements C73a-1950 
(NEMA WD1-1950) and C73b-1951 (NEMA 
WD2-1951). 

C78 — Incandescent Lamps 

C78 — Dimensional and Electrical Characteris- 
tics of Electric Discharge Lamps. 
Y32.1.1-1951 — Graphical Symbols for Single 
(One) Line Electrical Engineering Diagrams. 
Z32.3-1946 — Graphical Symbols for Electric 
Power and Control. 





Z32.10-1948 — Graphical Symbols for Elec- 
tron Devices. 


Z32.12-1947 —Basic Graphical Symbols for 
Electrical Apparatus. 


JOINT INDUSTRY CONFERENCE 


J.1.C. Electrical Standords. 


NEMA 


$G1-1952 — Standards for Electric Power 
Connectors. 

1C1-1949 — Standards for Industrial Controls. 
MG2-1951 —Standards for Fractional Hp 
Motors. 

MG1-1949 — Standards for Motors and Gen- 
erators 

MR1-1950 — Standards for Metallic Rectifiers. 
101 — Suggested Specifications for Standard 
and Heavy-duty Multiple Bolt Soldering Lugs. 
500B — Standards for Electron Tube Bases, 
Caps, and Terminals. 

507-A— Standards for Designation System 
for Cathode Ray Tubes. 

SCS — Standards for Direct Current Paper Ca- 
pacitors. 

— Standards for Fixed Paper Dielectric Capa- 
citors for Energy Storage Use. 

— Standards for General Purpose Alternating 
Current Capacitors for Motors, Specialty Trans 
formers, and Controls 


FUS — Standards for Cartridge Enclosed Knife- 
blade Fuses. 


PSS — Standards for Precision, Snap Acting 
Fuses. 


TIS — Standards for Time Switches. 
EIS — Standards for Instrument Transformers. 
WDS — Standards for Wiring Devices. 


AMERICAN INSTITUTE 
OF ELECTRICAL ENGINEERS 


40-1947 — Electric Recording Instruments. 


800-1953 — Test Code for Direct-Current Air- 
craft Machines. 
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| ELECTRICAL AND ELECTRONIC COMPONENTS 


FUNDAMENTAL 
Electronic Circuits 


R. B. IMMEL 
Westinghouse Electric Corp., Buffalo, New York 











A THOROUGH UNDERSTANDING of the basic char- 
acteristics of electronic tubes and circuits often provides 
a solution to a seemingly impossible problem. They 
are useful tools that often possess the necessary re- 
quirements to perform a particular operation much 
better than any other device or system now available. 

Tubes are frequently used to perform the same func- 
tions as a single pole manually-operated knife switch 
or as a magnetically operated contactor or relay. How- 
ever, the tube often surpasses the manually or mag- 
netically operated device as its speed of operation is in- 
finitely faster and little energy is required to either 
initiate or stop the flow of current. 

However, an electronic tube is uesful only when it 
is properly applied. When replacing existing equip- 
ment it must do the job better, faster and operate more 
efficiently to justify the application. Also, while the 
tube itself may be relatively simple, the auxiliary ap- 
paratus such as transformers, chokes, resistors, poten- 
tiometers and capacitors, can sometimes increase the 
cost and size of an electronic device to an impractical 
value. The selection of a specific tube will depend 


primarily on the application requirements. 


The principal functions of electronic tubes are: 
rectification—conversion from a-c to d-c; generation— 
oscillators for producing relatively high frequencies 
from a d-c supply; control—ignitrons and thyratrons 
for controlling the current flow to machines; counting 
and sorting—phototubes that are sensitive to light in- 
tensity and wave length to convert light energy into elec- 
trical energy; inspection—X-ray tubes that transform 
electrical energy into invisible rays of high frequency 
and penetrating power; electricity into light—for fluor- 
escent, neon, sodium and mercury lamps, and cathode 
ray tubes for oscilloscopes; amplifiers—to control large 
output with a small input. 

When the circuits of electronic equipment are broken 
down or separated into the fundamental electronic 
circuit components, it is much simpler to understand 
the complete operation of the device. Many of the 
fundamental electronic circuits are explained on the 
following pages. These basic circuits should serve as 
stepping stones or building blocks for the primary 
understanding, application, selection, or design of 
electronic equipment. The basic circuits, applications, 


and methods discussed in the following charts are: 





e THE BASIC RECTIFIER CIRCUITS using 
diode (two element) vacuum tubes. 


(three element) 


@ OBTAINING BIAS VOLTAGE in triode 
vacuum tubes. The 


receivers and transmitters 








These circuits are often used in radio 


This type of circuit is frequently used 
for conversion of a-c to d-c for the 
operation of radios, television receivers, 
air Cleaners, phototrollers, motor con- 
trollers, etc. A filter network is gen- 
erally used in conjunction with these 
ircuits to minimize the pulsation or 
ripple in the output. 


e THE Basic circuITs for rectification 
nd voltage transformation. Voltage 
ublers are inexpensive electronic de- 
es used for increasing the output 
ltage. They are often used in trans- 
rmerless radio receivers and small 
scilloscopes. Peak clipping and pulse 
orming circuits are used in analyzing 
nstruments and electronic switches for 
triggering or initiating the operation 
f other equipment. 


Product Engineering 


bias voltage applied to the grid of a 
vacuum tube provides very effective con- 
trol of the current flow and determines 
the operation point on the character- 
istic curve. A vacuum tube voltmeter is 
a potential measuring device with an 
extremely low burden 


e VOLTAGE AMPLIFIERS show some of 
the basic circuits for triode, tetrode 
(four element), pentrode (five ele- 
ment) vacuum tubes used as amplifiers. 
Depending upon the degree of grid 
biasing, the amplifiers are classified as 
A, AB, B, or C. Circuits of this type 
are commonly used in audio amplifiers 
and radio receivers 


e THE FUNDAMENTAL ciRcurrs for 
power and voltage amplifiers with 
various couplings and output circuits 


1954 Annual Handbook 





e THE BASIC circuITs for electrostatic 
ally controlled cathode ray tubes. These 
tubes are the principal elements in oscil 
loscopes and television receivers for 
converting an electrical signal into an 
intelligible and visible signal 


e CATHODE RAY TUBE CIRCUITS for 
voltage and current analysis. For cer- 
tain voltage wave forms and transients 
Cathode ray tube oscilloscopes are often 
the only practical tool available for 
analyzing and studying these phen- 
omena. As the electron beam has very 
little inertia, it responds almost in 
stantaneously and this type of oscil- 
loscope is suitable for use at very high 
frequencies to trace voltage wave forms 
and transient currents for analysis and 
study 


[3 













Rectifier Circuits Using Diode Vacuum Tubes 





Type 


Input Voltage 


Circuit Sketch 


Output Voltage 








14 


Single Phase 
Transformerless 


Half-Wave Rectifier 
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DF) om 
z= 
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w® & 
ae 
3) am 


Phase 


Full-Wave Bridge 
Rectifier 


Single 


Circuit 





fz frequency 
Cc sine wove 














——O+ 
o- 
put Output 
o —O- 
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Operation 


Remarks 








44 


Anode current 











Alternating 






voltage 
imput 


A vacuum diode tube permits elec- 
trons to flow from the cathode to the 
anode only when the anode is at « 
positive potential. When the anode 
is at @ negative potential, no current 
will flow as the electrons will be re- 
pelled by the anode’s electrostatic 
field. The current is rectified since 
it can flow in only one direction 
through the tube. 


For some applications, where a low voltage d-c output is 
satisfactory, it is economical to use this type of power sup- 
ply. Tubes for this application usually have heaters which 
are operated at relatively high voltages (35, 50, 70 volts 
and above). Heaters can be connected across the line, in 
series with other heaters, or in series with a resistor to limit 
the voltage to the rated value. This circuit has a disad- 
vantage in that a ground connection cannot be used unless 
provision is made to insure that the grounded side of the 
d-c output circuit is connected to the grounded side of the 
a-c power supply. 
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fe) +] £, Anode voltoge 


Alternating 
voltage 
mput 


The principle of operation is the 
same as for the half-wave rectifier. 
The connection of one, two or more 
tubes is such that the anodes alter- 
nately supply rectified current to the 
load. A tube conducts only when 
its anode is at a positive potential. 


This circuit is advantageous over the transformerless type 
of half-wave rectifier as the a-c and d-c circuits are isolated. 
Also, the transformer makes it possible to increase or de- 
crease the d-c output voltage with respect to the a-c input 
voltage. This type of rectifier is not suitable for some appli- 
cations as the output voltage is not a continuous value. It 
is a pulsating d-c voltage. Also, the rectified current flows 
through the secondary winding of the transformer. This 
eauses changes in the transformer voltage and, hence, 
further fluctuations in the rectifier output voltage. 





This is a very commonly used type of rectifier as the output 
is more nearly constant than that from a half-wave recti- 
fier. There is no d-c iron transformer core saturation be- 
cause the d-c fluxes in the two secondary windings are op- 
posed to each other and produce a resultant magnetization 
of zero. Each half of the secondary winding must deliver 
the maximum output voltage of the rectifier. Thus, the 
total voltage across the transformer secondary is twice 
that required for the same peak output voltage from a half- 
wave circuit. 





A single full wave rectifier tube (double-diode) can be used 
in place of two half-wave, single-diode tubes to accomplish 
full wave rectification. For many applications it is satis- 
factory to connect the positive output lead to the cathode 
rather than the cathode transformer center tap. The peak 
voltage for every other half cycle will be different from 
that of the previous one by an amount proportional to the 
cathode voltage drop. In a radio receiver, for example, this 
condition could cause “hum.” 








This circuit requires only one secondary transformer wind- 
ing for the anode voltage. It has some disadvantage in that 
four tubes are required. Also, more than one filament 
transformer winding must be used because the cathodes are 
at different potentials. When the upper end of the trans- 
former winding is at a positive potential, current can flow 
through tube No. 2, through the load, and return through 
tube No. 3. When the polarity reverses, tubes No. 4 and 
No. 1 conduct. This bridge circuit is often used with 
dry plate rectifiers replacing the tubes. 
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Remarks 











Operation 

Tube No./ 
+Gf . Tube No. 1 conducts during 
A fic | the positive half-cycle and a 
= ’ + positive charge accumulates 
+/B\ a-c I- a-c on the upper plate of con- 
= + Outout denser C:. A positive voltage 
Input Tie * (+Em) builds up across the 
CDA ) if condenser to a maximum 
. a value equal to the peak of 

Tube No.2 the a-c input voltage. 
Tube No./ 





Tube No. 2 conducts during 

the negative half-cycle and « 

a-c negative voltage (— Em) 

Output builds up across the condenser 
= C2. 











Since the condensers do not 
lose their charge during « 
2E half-cycle of time, the total 
on output votage is twice the 
input a-c peak voltage for no 

load. 








The voltage doubler circuit is a special rectifier circuit 
which employs two diode vacuum tubes and two capacitors 
so arranged that the output voltages of the half-wave recti- 
fier tubes are connected in series. The d-c output voltage is 
twice the peak a-c input voltage at no load. It may be used 
for a high voltage d-c supply without the use of a trans- 
former between the rectifier and the a-c supply. As the volt- 
age regulation is poor and the tube peak currents are high, 
the use of the voltage doubler circuit is limited to applica- 
tions which require very little power. 





This circuit operates the same as the previously described 
voltage doubler. The tube was especially designed for volt- 
age doubler circuits and combines two diode vacuum tubes 
in one envelope. With the connection shown, no anode or 
heater transformers are required. This tube and circuit are 
frequently used in “transformerless” radio receivers. 















Operation of Tube No. 1. (Tube No. 2 


put operation is similar.) The circuit output volt- 
. age increases with input voltage until the a-c 
voltage overcomes the biasing voltage E,. 
Botter Then as the tube conducts the increased cur- 
mw rent flow through resistor R, increases the 
bias Z “ 
voltage drop and prevents an increase in out- 
voltage - 


put voltage. 





” 


Resist 
Acracterist . 
= - —vo/fage 
ee rren?t 6 b] drop 






Operation of Tube No. 1. (Tube No. 2 
operation is similar except for negative anode 
current pulses.) Current flows in the circuit 
and through the resistor only when the a-c 
instantaneous voltage exceeds the biasing 
voltage E,. 


A rectangular wave form can be obtained by clipping off 
the peaks of a sinusoidal voltage wave. Application of a 
rectangular voltage wave to certain capacitor-resistor cir- 
cuits will produce a very sharp voltage peak wave form. 
This voltage pulse may be used for triggering or initiating 
current flow in a thyratron tube or controlling the opera- 
tion of a trigger circuit. The rectangular wave form may be 
amplified and reclipped to obtain a more abrupt change in 
voltage. The fidelity of an amplifier or transformer may be 
checked very quickly by impressing a rectangular or square 
wave form on it and viewing its output with a cathode ray 
oscilloscope. The apparatus must reproduce the funda- 
mental wave form and at least the 30th harmonic. 











Amplituce Modulation 











Unmodulated A-F rmmodulating Modulated 
R-F carrier wore P-F wave 
L, onode yt asti Detected 
currerit oy ¥& rected 
> & output 
Anode F- --ar?------ 
oni re 
voltage E, = Vo/tage 
Time > across condenser C, 
Detection (Demoduletion). Current flows 


through the tube only when the anode is 
positive. The envelope of the rectified wave 
is proportional to the original modulating 
wave plus a steady d-c voltage. The d-c 
component can be eliminated by a filter. 


Modulated 
R-F input 
wore 








By biasing the anode circuit very high with respect to the 
impressed a-c peak voltage, a symmetrical voltage pulse can 
be obtained. The tube conducts current only at the peak 
of the voltage wave or when the a-c voltage exceeds the bias- 
ing d-c voltage. The voltage drop across the resistor provides 
the output voltage. The duration of the pulses can be de- 
creased by amplifying them and then impressing them on a 
similar pulse forming circuit. The pulse may be used for 
triggering or initiating operation of certain circuits and 
apparatus. 








In radio and carrier-current communication a R-F (Radio- 
Frequency) wave is used as a carrier because it can be radi- 
ated. In transmission of speech or signals, the carrier must 
be modulated or varied in amplitude by an A-F (Audio- 
Frequency) wave. The detector in a radio receiver separates 
from the R-F wave, a wave form which is proportional to 
the original A-F signal and which will approximately repro- 
duce the original sound in the speaker. When the rectified 
eurrent flows through the resistor, the condenser C, is 
charged to the peak voltage of the modulated signal. When 
the tube is not conducting and when the signal has a nega- 
tive value, the condenser discharges through the resistor 
to a value slightly lower than its original charging voltage. 
When the positive R-F voltage exceeds the condenser vollt- 
age, the tube will conduct and recharge the condenser. The 
envelope or contour of the output wave is proportional to 
the original sound wave or signal. 
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Obtaining Bias Voltages in Triode Vacuum 
















































Type Input Voltage Circuit Sketch Output Voltage 
A= anode 
C = cathode 
G = grid 
H = Restor | 
J 
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Tubes 

















Operation Remarks 
Anode |__--Artode current (], ; 
current = att head Bias is the fixed voltage applied between the grid and 
vs Pulsating a-c anode cathode electrodes of a triode vacuum tube. In an unbiased 






-& ovtput current current of 
szero signal 

7 * 
¢ Ceterrnined 


“hk - by grid bias 


grid, volts 
‘\ 








! ---- * 
y on 
o* a-c input ime—»> 
_-~ voltage to grid 
® Operation of tube and shape of out- 
£ put wave can be controlled by the 
Grid : iS potential value applied to grid 
. me 
bias 








The anode current (/,) through 
the cathode resistor R, provides 
a voltage drop which biases the 
frid negatively with respect to the 
cathode 


The cathode by-pass condenser 
Cy is used to shunt the a-c com- 
ponent of the anode current 
from the resistor. An a-c com- 
ponent through the resistor R, 
would cause an a-c voltage drop 
which in turn would produce 
negative feed-back. Feed-back 
reduces the amplification. 








triode, anode current is an amplified function of the a-c 
voltage signal impressed on the grid, as can be seen from 
the accompanying graph of anode current vs grid voltage. 
Biasing the grid has the effect of shifting the axis of the 
a-c input voltage to the grid to the right or left, depend- 
ing on whether the bias voltage is positive or negative. 
Thus, the triode can be made to operate at any section of 
its anode current vs grid voltage characteristic by selec- 
tion of the appropriate bias voltage. The grid bias and 
anode batteries may be replaced by electronic rectifier and 
filter circuits. 





Self bias or cathode bias should not be used in a circuit or 
application where the anode current varies. A variation in 
anode current and bias resistor drop will change the point 
on the characteristic curve at which the tube operates. 
Self bias is often used with Class A amplifiers, because it 
is inexpensive and because the d-c anode current is sub- 
stantially constant with or without input voltage on the 
grid. The grid bias for most applications is usually nega- 
tive, since a positively charged grid will draw electrons 
from the cathode and decrease the net anode current. 





of the condenser C, and the grid 





LZ leak resistor R, is large com- 
grid --- pared to the period of time the 
current grid is positive. Therefore more 
electrons are imposed on the grid 

——— o + circuit than can immediately leak 


off through the resistor or return 


Its (E, 
Grid vo s ( o) te the cathode through the tube 


When the grid is driven positive The trapped electrons stored in 
electrons flow from the cathode condeaser make grid negative 
to the grid The time constant with respect to the cathode. 


Grid leak bias is mainly used for control in radio fre- 
quency power amplifiers and some detector circuits. In 
any case, this type of grid bias cannot be used when the 
grid is always negative with respect to the cathode. The 
grid must be operated at positive potential at least part 
of the time in order to draw grid current and produce a 
voltage drop in the grid leak resistor Ry» or an excess of 
electrons on the grid. 













--Plate current vs grid voltage 


~ 0 
AS > Rectified outout current 
Ss : 
es FY { for -Ec grid bias 
ec i ; 
3 p--» Rectifed output current 
: = for z.ro grid bias 
ta ome 





Tube and circuit operate similarly to the 
half-wave diode vacuum tube rectifier ex- 
cept that the value of the d-c output cur- 
rent can be varied by changing the bias 
on the grid 





The output voltage and current of a triode vacuum tube 
rectifier can be varied by adjusting the grid bias potential. 
For the circuit shown, the output current is a maximum 
when the grid bias potential is zero. The output current 
value can be reduced by applying negative grid bias to the 
grid of the tube. If the grid bias circuit is arranged so 
that the grid may be made positive with respect to the 
cathode, the output current can be made to exceed that 
which flows at zero grid potential. 











Direct Current Alternat ng Current 





Output 5, Average 
2 / A .d-o 
A output 
; 7 
4a, i 
x 
= Y 
" 2 lime—> 
~ Grid . 
= YL 
“Gs " volts . B, ] ee 
“ Grid vo/tage 
a-c input bias fy t< : 
On direct current, the grid con- On alternating current, the anode 
trolled tube operates as a vari- current instrument measures the 
able resistor. The anode current average value of the pulsating 
instrument is calibrated in units d-c output current. The current 
of input grid volts is proportional to the a-c input 











As a vacuum tube voltmeter has a relatively high input 
impedance, it is very convenient to use for very accurate 
measurement of both d-c and a-c voltages up to very high 
frequencies. Because the vacuum triode tube output is 
controlled by an electrostatic field emanating from the 
grid, little or no power is taken from the circuit to be 
measured. 

All a-ec vacuum tube voltmeters are essentially rectifiers 
which can be calibrated to read the rms, average, or peak 
values of the voltage input. This type of voltmeter can be 
made almost independent of frequency or wave form. A 
special coaxial probe is usually used for voltage measure- 
ment of frequencies above a megacycle. 
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Voltage Amplifiers 
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Operation (depends on grid bias selected) 


Remarks 





f 


Class A Amplification 
v ; 
> 
© 
Operating q 
point . 


Pulsating output 
currenr 


currer 











Time— 





G 
if — 
Grid volts 1. Faithful reproduction of input 
wave form. 
a, _ 
veltege ~~ 2. High amplification. 
3. Relatively low power output for o 


fiven tube. 

Grid bios " <F™ 4. Relatively low efficiency. 
In general, a Class A Amplifier is never driven positive with 
respect to the cathode and is not driven negative to the anode 
current cut-off point by the input signal. Anode current flows 
for complete input votage cycle. 





Class AB Amplification 


Y Pulsating output 
current 
1 
| 


Operoting 
point. ‘ 


Anode 
current 






Anode current 
of O input, 





. High relative efficiency at large 
input signals. 
. Low distortion at moderate input 
} signals. 
j L 3. Good power output for a small 
Gridbios ~~ | tube. 
The grid bias may be adjusted so that only a small anode 
current flows at no signal input. Amplifier will operate Class 
A at low input voltages and approximately Class B at high 
input voltages. The grid may be driven positive for some 
modes of operation. 





Class B Amplification 







~ 
ss 
a 
N 

2 Pulsating output 

current 
Operating + 
point . iS — _— 

\ x 


Anode current 





Cut-off ot O input 
point *. 
ee ee gh em oe | 
iw E,! “O+ Time —= ° 
l 1] 
Grid wy; A | 1. Distorted output wave form. 
input | volts ' . . 
voltoge' 2. Medium power output. 
we | 3. Medium efficiency. 
For Class B operation the grid bias 
Grid bios ---» he is adjusted so that very little anode 
, . current flows at zero input voltage. 
Two tubes are often used in push-pull to get distortionless 
output 


Cless C Amplification 
Caused by electron flow 
from cothode to grid 
1 


Anode current 


- Pulsoting 
Output curren 






Cut-elf pont 





Operating A, 
ee ee 
Gridvoits.; -g |O (+ rime 
Input 1. High wave form distortion. 


2. High efficiency. 
3. High power output. 


voltoge 






8, L The a-c input voltage should be ap- 

Grid bias --- - proximately constant. Maximum nega- 

tive grid bias should be almost twice 

grid bias for anode current cut-off. Another tube and selective 

circuit output impedance can eliminate most of the wave dis- 
tortion. 


The voltage or power of a local or remote energy source can 
be effectively increased by an amplifier which translates the 
signal into one of higher value by the control of a local 
power source. The amplifier classification is determined by 
the mode of operation of the tube with respect to the d-c 
and a-c grid and anode voltages, application and power 
output. This particular circuit is commonly used for ampli- 
fication of audio frequencies (15 to 20,000 cycles). The IR 
drop across the load resistor R, provides the output voltage 
as it varies directly with the anode current. If current 
rather than voltage amplification is desired, the load re- 
sistor may be replaced by a current operated device. 





The frequency range over which an audio amplifier oper- 
ates can be extended by the use of an inductance coil in the 
anode circuit. At medium and low frequencies, the resistance 
is negligible. However, at high frequencies the inductance 
resonates with the stray capacitance of the tube and wiring 
to maintain or increase the amplification. The inductance 
shifts the phase between the input and output voltages, which 
may be undesirable for some applications. The blocking 
condenser prevents the d-c anode current from flowing in 
the output circuit. For a given frequency range, condenser 
offers little impedance to a-c anode current. 





Both the input and amplified output voltages can be in- 
creased by means of transformers. For one particular oper- 
ating frequency, the transformers may have a 10:1 ratio be- 
tween the secondary and primary turns. For a wide fre- 
quency range, because of the transformer limitations, a trans- 
formation ratio of two to five is quite commonly used. The 
d-c anode current may saturate the iron core of the trans- 
former, but it is separated from the output because a trans- 
former cannot transmit direct current. Transformers are 
not often used above 10,000 cycles. The tube and wiring 
stray shunting capacitance cause the hump in the amplifi- 
cation curve at high frequencies. 





As a four element tube has a much higher amplification 
factor than a three element tube, the input voltages can be 
amplified to a still higher degree by a single stage ampli- 
fier using this tube. For still higher amplification than that 
possible from a single tube, the output of the amplifier 
can be used as the input to another similar amplifier circuit. 
The circuits are usually coupled through a condenser, trans- 
former, or other means to prevent the d-c anode voltage 
from being applied to the grid of the succeeding tube in 
the amplifier network. For this type of tube, the anode 
voltage should be high enough to prevent operation on the 
“negative resistance” portion of the characteristic curve. 








Still higher amplification than that possible with a three or 
four element tube in a single stage amplifier can be ob- 
taied by using a five element tube. For substantial power 
output and high efficiency of operation, two tubes are usual- 
ly operated in “push-pull” and Class B or C to minimize 
distortion in the output wave form. 
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Operation 


Remarks 





Total output 
current of 
tubes No/, 2 


” Tube No I 








current 


Tube No 2 
current 


Two or more tubes may be connected in parallel to provide 
a higher power output than is possible with one tube. The 
power output is proportional to the number of tubes em- 
ployed in the circuit. The grid control potential required is 
the same as for one tube. If the tubes are operated for Class 
C amplification, or if power is consumed in the grid circuit, 
the grid power required is proportional to the number of 
tubes in the circuit. In this particular cireuit, the d-c anode 
current saturates the transformer. The voltage phase shift 
can be reduced by reversing the polarity of the trans- 
former output winding. 










af 


' Composite 
current 








The push-pull circuit for a power amplifier is superior to 
the parallel circuit shown above, because the wave form 
distortion is much less for the same power output. The term 
“push-pull” is used because the voltages and currents of 
the two tubes are out of phase. The current in one tube is 
increasing while the current in the other tube is decreasing. 
This characteristic can be illustrated very clearly in a 
graphical analysis for Class AB amplifier. This circuit is 
widely used because distortion is less (even harmonics can- 
cel each other); there is no d-c transformer iron saturation 
(d-e currents cancel each other); and little or no filtering 
of the output is required. 








E output 


Vector diagram of amplifier with 
inductive load and without feed- 
back. The angle 6: is the phase 
distortion. 

With a feedback voltage E,, 
added to the grid voltage E,, the 
phase distortion @2 is reduced. 
The feedback factor is: 


A negative feedback amplifier is one in which some of the 
amplified output energy is introduced into the input grid 
circuit in such a manner that the net grid input voltage is 
reduced. Although negative feedback reduces the gain or 
amplification, it is advantageous because it reduces the fre- 
quency, harmonic and phase distortion. It also provides 
greater stability than an amplifier without feedback. The 
performance characteristics are not as sensitive to changes 
in individual tubes or in the applied voltage. The amplifi- 
cation vs frequency characteristic is almost constant for a 
wide frequency range. Positive feedback is unstable and 
may cause the amplifier to oscillate. 











Frequency —> 


This type of amplifier operates 
similarly to those previously de- 
scribed except that it can be tuned 
to be more responsive to one par- 
ticular frequency or frequency 
range. The values of inductance 
and capacitance determine the 
resonant frequency. 


Five-element tubes are usually used in high frequency or 
radio-frequency amplifiers because the  inter-electrode 
capacitances are considerably lower than those of a three- 
element tube. This particular type of amplifier circuit is 
seldom used as a voltage amplifier, since its characteristics 
are inferior to those of the double-tuned or transformer 
coupled types. Because of the inductance coil limitations, it 
is seldom possible to obtain more than 10 percent of the 
tube amplification factor. This circuit is frequently used 
for power amplification. 





Amopli ficotion-> 





¢ Resonance 
Frequenty-> 


Both the primary and sec- 
ondary of the transformer of this 
cireuit are tuned. The frequency 
of resonance or maximum ampli- 
fication can be varied by changing 
the capacitance value of conden- 
sers C,, and C,,. 


*t1 





This type of circuit is widely used in broadcast receivers 
since it is responsive only to a certain frequency range. 
Also, as the cut-off characteristic is sharp and the maxi- 
mum amplification range is broader and almost constant 
near the resonant frequency, it permits easy tuning or selec- 
tion of the frequency to be amplified. A common applica- 
tion of this circuit is for intermediate frequency amplifica- 
tion in a superheterodyne radio receiver. 











Product Engineering 


1954. Annual Handbook 


fi3 








Using Cathode Ray Tubes for Voltage Wave Form An 
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Operation 


Remarks 





(Horizontal plates 
not shown) 











Electrons emitted from the cathode are focused by the first 
and second accelerating anodes into a concentrated beam. The 
electrostatic field produced by the two anodes is analogous to 
an optical lens system for converging light rays as it makes the 
electron paths converge to a point on the fluorescent screen. A 
narrow beam of rapidly moving electrons is known as a cathode 
ray. 

The electron beam can be deflected vertically or horizontal- 
ly by electrostatic fields emanating from the deflecting plates. 
The electron beam deflection is at right angles to the plane of 
the deflection plates and is attracted to the positive plate and 
repelled by the negative. 

The cathode-ray tube is a tool that can be successfully used 
in the measurement of voltage, current, power, or frequency; 
determination of amplitude, phase, and frequency modulation 
patterns; amplifier and transformer response to a square-wave 
voltage wave; determination of vacuum tube characteristics; 
checking the response, alignment, coupling, and band of fre- 
quency response of tuned resonant circuits; and innumerable 
other applications. 
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The cathode-ray tube may be used as a voltmeter in a circuit 
similar to the one shown if the tube is calibrated for electron 
beam deflection vs the potential applied to the deflecting 
plates. The deflection may be measured on a linear scale as the 
deflection is directly proportional to the deflection voltage E,. 

Deflection sensitivity is the ratio of the movement of the 
luminous spot on the screen to a unit voltage applied to the 
deflecting plates. Sensitivity is usually expressed in millimeters 
per volt. The potential of the second anode affects the sensi- 
tivity. The cathode-ray tube is more sensitive for low than for 
high anode potentials because a less intense electrostatic field 
is required for a given deflection of an electron beam with a 
low velocity. 





Lurninous Vertical plate 


Horizontal plate 























A d-c potential applied to both plates deflects the beam both 
vertically and horizontally. The kinetic energy released by the 
impact of the electrons when they bombard the screen produces 
fluorescence or the emission of light. The continued emission 
of light from the screen after the bombardment has ceased is 
known as phosphorescence and depends upon the screen coat- 
ing, velocity and concentration of the electron beam. The color 
of the light depends upon the phosphor coating. 

Centinued bombardment upon one spot of the screen re- 
duces the sensitivity of the coating. If the focused electron 
beam is allowed to remain in one spot too long, it may not 
only destroy the phosphor coating, but may also melt a hole 


in the end of the tube. 
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The luminous spot moves up and down in simple harmonic 
motion when a sine wave of voltage is applied to vertical plates. 

The first anode is usually designated as the focusing anode 
because the potential applied to it determines the focus or 
sharpness of the electron beam convergence at the screen. The 
second anode is usually operated at a fixed potential while 
provision is made to permit adjustment of the first anode 
potential, the luminous spot can be adjusted or focused to a 
very distinct spot on the screen. 
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Analysis 















































Operation Remarks 
The luminous spot moves in a straight line or trace on the 
ee Vertical plate screen when potentials that are in phase and of equal amplitudes 


and frequencies are applied to the vertical and horizontal deflect- 
ing electrodes. 








t — aaa el 4. If an unknown voltage wave is applied to one set of plates, its 
4 Ime phase angle, frequency, and amplitude can be determined when a 
3 F sine wave is applied to the other set of plates. The resulting 
E ve AB trace produced by the voltage waves applied to this and the next 
N Amplitude j j circuit shown are known as completed-loop type of Lissajous 
£ Frequency at figures. 

— ae vine | Sine As the electron beam has a very low inertia and as little or no 
ldifference | © power is required to deflect it, the cathode-ray tube may be used 

[Trace | 45* Tine —] to study electrical phenomena of radio frequencies. 
—— ea When two sine waves of equal amplitude and frequency, but 
‘ 4 (5) 90 deg out of phase with each other, are applied to the deflection 
a oy plates, the electron beam is given a circular motion, producing a 

ane le —_. circular trace. 

1 ae - 90° The potential E, on the second anode determines the velocity 
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of an electron when it leaves the second anode. The electron 
velocity in kilometers/second 593\VE,. If the anode potential 
is 1,200 v, the electron velocity will be approximately 20,000 km 
per sec, or 12,000 miles per second. For a tube whose screen is 20 
em from the deflecting plates, the time for the electron to 


travel from the anode to the screen will he 1/100,000,000 second. 





When a linear sweep wave is applied to the horizontal deflect- 
ing plates, the wave applied to the vertical plates will be swept 
across the screen horizontally at a uniform rate. The resistors 
Ry,» and Ryp are employed to provide a path to ground for drain- 
ing off any accumulation of electric charge on the plates. 

In a practical cathode-ray tube circuit, a d-c biasing means is 
usually provided so that the electron beam can be centered on the 
screen when stray electrostatic and magnetic fields disturb the 
electron stream. It can also be used to center the voltage waves 
on the tube centerline. 





Vertical plate 








Horizontal plate 





When the frequency of the linear sweep wave applied to the 
horizontal plates is the same as that of the vertical plates, the 
trace will have a wave form similar to that of the voltage applied 
to the vertical plates. The intensity of the luminous spot or the 
number of electrons in the beam can be controlled by the po- 
tential of the grid. This grid control characteristic is utilized in a 
television tube. The luminous spot is swept across the screen in 
a horizontal direction at a rapid and uniform velocity by a saw- 
tooth wave. At the same time another linear sweep circuit moves 
the beam in the vertical direction. As a result, a rectangular light 
pattern appears on the screen. Light and dark areas are formed 
when the beam is modulated by the grid potential. 
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if the sweep frequency is known, the frequency of the voltage 
wave applied to the other set of plates can be determined from 
the trace produced on the screen. The voltages applied to this 
and the two previous circuits illustrate the effect of the sweep 
frequency on the resultant luminous trace. 

The cathode-ray tube is the only device that can sometimes be 
used to observe some electrical phenomena and is the main ele- 
ment of a cathode-ray oscilloscope. An oscilloscope usually con- 
sists of a cathode-ray tube, a vertical amplifier, a horizontal 
amplifier, a sweep oscillator, and a power supply. 
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t Holes 


— Electrons 


Fig. 1—When p- and n-type materials form a junction, they set up a contact potential as indicated by 
the dashed symbol. Any hole that tries to diffuse from acceptor material to donor material must climb 
the potential barrier (A) caused by the array of donors near the junction. Any electron that tries to 
cross from n region to a p region must also climb a reverse potential as shown in (B). 
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<«— Hole motion 


OC Acceptor atom 


Fundamentals of 


Simplified description of how both point contact 


and junction transistors work. 


THE TRANSISTOR is a mechanically 
simple device that can amplify elec- 
tric current and voltages. Considered 
the first competition to the electron 
vacuum tube, it may be superior to the 
tube because it is small, requires no 
heater power and is made of materials 
that might last indefinitely (compared 
to the filaments of conventional tubes ) 
To explain how such devices operate it 
has been necessary to develop new con 
cepts of current flow and revise some 
well established principles 
At the heart of an 
semiconductor material, usually ger 
manium. In such material most of the 
electrons, whose structure involves 
valence bonds, are tied up tightly, so 
the material is not a good electrical 


transistor 1S 


Prepared from information contained in the 
book “The Transistor” and the monograph 
Present Status of Transistor Development” 
both published by Bell Telephone Laboratories 
Inc., and the following articles in Electronica 
Transistors: Theory and Application (March 
1953, p. 98; April p. 138; May p. 162; June p. 
166 and July p. 158); Experiments Illustrate 

Transistor Application, March 1953, p. 112 


lis 


conductor. But if impurities are added 
in carefully measured amounts, it is 
possible to improve the conductivity. 
The foreign elements, called domors, 
provide additional electrons that are 
free to move and carry current. (It is 
customary to italicize the » to show 
that donor materials give rise to nega- 
tive Carriers. ) 

Since germanium is a four valence 
element, four electrons are needed in 
covalent bonds. If a trivalent impurity 
like boron is added to molten ger- 
manium, upon solidification, the atoms 
of boron replace atoms of germanium 
at the lattice points of crystal structure 
Each boron atom steals an electron 
from a neighboring valence bond, leav- 
ing that bond with a deficiency of one 
negative charge. Such impurities arc 
known as acceptors (italicizing the p 
shows that the material thus created 
supplies positive carriers). In p-type 
material, the majority of current car- 
riers are the positive charges left by the 
theft of electrons, or because there is 


Product 
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Junctian line 
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Electron motion —»> 
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a deficiency of conventional current 
carrying particles—holes 

Scientists can explain observed con- 
duction phenomena in semiconductors 
only by assuming that the holes play the 
same role in the conduction process as 
do electrons. Both are always present. 
In n-type germanium, electrons greatly 
outnumber the holes and are the major 
current carriers; in p-type material, 
holes outnumber the electrons 

Although their existence is a new 
idea, the holes appear to obey many of 
the well established scientific principles 
Probably most important in transistor 
action: diffusion. On a microscopic 
scale, holes move throughout the semi 
conductor material in a random man 
ner, obeying general energy laws so 
that their velocity is a function of tem- 
perature. On a larger scale, the net flow 
can be considered directed by concen- 
tration gradients, flowing toward a 
region of smalier hole density 

Current amplification in a transistor 
stems from increased conductivity, di 
rectly attributable to the interaction of 
holes and electrons. Voltage amplifica- 
tion ts the result of injecting electrons 
through low impedance barriers and 
then collecting them through high im 
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Fig. 2—Point contact transitor action according to one theory. When biases 
are applied as indicated (emitter always biased in the forward direction, col- 
lector in the reverse or high resistance direction), the p-n junction at the 
emitter contact introduces holes by diffusion into the n-type semiconductor. 
The larger reverse voltage applied to the collector produces a potential 
gradient in the semiconductor. The effect of this is to attract most of the 
holes introduced by the emitter, and in turn, the positive space charge induces 
a large number of electrons to flow from collector towards the base. Thus 
collector current consists of the hole current—closely approximating emitter 
current—plus the electron current. The sum is greater, of course, than the 
emitter current alone, so the current multiplication factor is greater than 
unity, and there is current amplification. 


Transistor Action 


pedance walls. To obtain the effect it 
is usually necessary to have both types 
of semiconductor material at a junc- 
tion. What happens when they come 
together is illustrated in Fig. 1. 

To date this theory has resulted in 
development of two main kinds of 
transistors: point contact and junction. 

The former was the earliest devel- 
oped and consists of: 1) a base pellet 
of m-germanium with about four to 
five ohm-cm resistivity, 2) two cat- 
whisker electrodes spaced close to- 
gether and pressing on the top sur- 
face, 3) an ohmic soldered base connec- 
tion on the underside of the pellet, and 
4) small regions of p-type material 
under one or both whiskers to better 
the supply of holes 

When this device is in operation 
(Fig. 2), the emitter whisker draws 
electrons from valence bonds of base 
metal atoms close to the emitter, and 
pushes holes by diffusion into the »- 
type material. Most of the emitter cur- 
rent is due to movement of holes. 
Those that reach the vicinity of the 
collector, tend to dissipate the po- 
tential through the effect of positive 
space charge. Such a field permits an 
increased flow of normal current car 
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riers and, as a result, current amplifica- 
tion. 

‘The junction type transistor consists 
of a thin layer of one kind of semi- 
conductor material, sandwiched be- 
tween the other. In one design, there 
is a rectangular bar of n-type material 
with a thin center layer of p-type mate- 
rial. In another, indium dots are al- 
loyed on two sides of a germanium 
pellet. The result is a sandwich of ger 
manium between two regions of 
indium. 

When biased properly (Fig. 4), 
electrons diffuse from the electron-rich 
n-material across the emitter junction 
into the base region. If this volume is 
exceedingly thin the electrons will not 
recombine in the p-type material but 
will pass across the collector barrier 
The cloud-like space charge caused by 
the holes eases the flow of electrons to 
the collector. Since the electrons are in- 
jected through a low forward im- 
pedance and are collected through a 
high reverse impedance, there is very 
high voltage amplification. But because 
about the same number of electrons 
cross both barriers there is no current 
amplification. 

Bulk barriers, in the 


junction tran- 
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Fig. 3—Curve for point contact tran- 
sitor. In region from point A to B, a 
small increase in voltage means a 
large increase in current. But beyond 
point B, an increase in V. does not 
bring about a proportionate in- 
crease in the current. When biased 
beyond this point, the available sup- 
ply of holes from the emitter is 
exhausted and further increases in 
current stem from additional col- 
lector current. 


sistor, are much better rectifiers than 
point surface barriers in the point con 
tact device. As a result, the ratio of col 
lector reverse impedanc e to emitter 
forward impedance is many times great- 
er—more than enough to offset the 
point contact’s higher current amplifica 
tion so that the junction type unit can 
have a greater gain per stage 

Main advantages of the junction type 
transistor include: 

1) Relatively low noise figure 

2) Freedom from short-circuit in 
stability. Input and output impedances 
are always positive whether the tran 
sistor is connected grounded-emitter 
grounded-base, or grounded collector 
This provides freedom in circuit design 

by choosing the appropriate connec 
tion, it is possible to vary input and out 
put impedances 

3) High gain, of the order of 40 to 
50 db. 

4) Power handling capacity and ef 
ficiency. Design can be varied to permit 
the required amount of power dissipa 
tion up to at least two watts. Static 
characteristics are such that Class A 
efficiencies of 48 or 49 percent out of a 
possible 50 percent can be realized 
Efficiencies for Class B and Class ( 
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Fig. 4—Junction transistor action. Electrons from electron-rich n-type material diffuse across 
the emitter barrier into hole-rich p-type material. If the region of such material is very thin 
the electrons do not combine with the positive holes but drift towards the collector. 


operation are correspondingly high 
5) Sturdiness and small siz 
6) Freedom from microphonics 
7) Exceedingly small 
sumption 
The 


the point contact transistor is it's nega 


power con 


most important characteristic of 
in the 


le ud 


conducting path 


tive resistance. The holes form 


germanium, a positively charged 
in the region of the 


The positive spacc charge effect sig 


nificantly dex reases th ollector cif 
uit's resistance so that a current two to 
three times greater than the emitter 
current can flow 

Probably the most serious limitation 
to the use of transistors is the limited 
frequen y response. Collector capa 


limits the frequency | 
WwW hundr d kilocycles 


tance response a 


full gain to a f 


By using a suitable impedance mis 
match it is possible to rove the fr 
quency response to one megacycle while 


still obtaining useful gain. The reason 


rr the limited response is probably 

twofold: 1) Both electrons and holes 
. 

move more slowly in s ynductor 

materials than electrons do in induc 

tors, about 1/10 as rapidly. And 2) 

not all the paths of electrons are 


straight lines. Because the tranist tis 


is greater uitous paths are neu 
tralized by straight lit 

There are certain general properties 
of transistors that make them particu 
larly adaptable in a variety of applica 


tions Vibration proof SO th di ces 
can be placed on equipment subject to 
heavy mechanical shocks: no heater fila 


ment power I 


120 


do not run hot and require less power 
for operation; increased reliability; in 
creased versatility in circuit design 
To date, these functions have been 
performed satisfactorily by transistors 


Permits 
splitting a signal into two-out-of -phase 
signals for push-pull amplification 
To ac 


complish this, the bases of two junction 


Complementary symmelt 


without the use of transformers 
transistors, one are 
fed in parallel. One transistor amplifies 
the positive half of the signal, and is 
remainder. The 


other transistor performs in the reverse 


pnp and one npn 


inactive during the 
manner 

One use of this technique is to ob- 
tain high gain with low distortion. The 
transistors in complementary symmetry 
are used as a phase splitting preampli- 
fier stage. The out-of-phase signals are 
sent directl, to the base-input comple 
mentary-symmetry following 
There, 
further amplification and are recom 
bined into a single-ended signal that is 


stage 


the split-phase signals receive 


ipplied directly to the voice coil of a 


loudspe iker 

Switching: Point contact transistors 
ire particularly well adapted to switch- 
ng operations in computers and other 


juipment because of their negative re 
: 
sistat characteristic and their higher 
requency response than junction dé 
vices. In operating, a minute signal is 
ipplied to one element of the devic 
1 is amplified to a magnitude capable 
ratu 1 switching relay 


Product 


Pulsing: An operation similar to 
switching. The transistor receives a sig 
nal and turns out a shaped wave to 
meet the requirements of a 
particular application 


spe cin 


Oscillatin g 
are particularly well recommended for 
use in oscillators because of their nega 
resistance characteristic. The de 
vices can be made to oscillate at 
frequencies 


Point contact transistors 


tive 


most 


Photo Transistors: A modification of 
usual transistor types that may re place 
photo tubes. The emitter electrode of a 
conventional device is removed; holes 
are injected by the effect of impinging 
light energy. Instead of the emitter po 
tential drawing electrons out, light 


photons supply the necessary energy 


Magnetic Amplifiers: The most sig 
nificant application in industrial con 
trols is the combination of the transistor 
and the magnetic amplifier to produce 
exceptional large changes in power 
with minute control signals. The tran- 
sistor serves as a preamplifier raising 
the input signal to a level that can be 
handled efficiently by the magnetic am 
plifie r. 
~ Most significant of 
ments has been the evolution of tetrode 
and pentode transistors. These new de 
vices will broaden the application of 
tubeless units by replacing older three 
for-two or 


recent develop 


electrode designs on a one 
thus 


tron Cire 


bas S 


. sack all 
compact el 
I 


one-for-three permitting 


ven more uits 
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i ELECTRICAL AND ELECTRONIC COMPONENTS 


Tantalytic Capacitors 
for Low Voltage Use 


..- Comparison with aluminum and paper types. 


... Voltage, capacitance and thermal limits. 


... Suggested fields for application. 


L. W. FOSTER 


Electric Company 





TANTALYTIC CAPACITORS are foil-type 
electrolytic units that are used for low 
voltage d-c applications where the per 
formance of aluminum electrolytic and 
paper capacitors have not been entire- 
ly satisfactory. They are small 
lightweight, sturdy capacitors with long 


size 


shelf and operating life 

Main advantages over the aluminum 
electrolytic and pay small 
and excellent ther 
mal limits. Further developments indi 
that temperature 
smaller sizes, and lower costs are pos- 


er units are 
size, light weight, 
cate wider ranges, 
sible 

An evaluation is shown in Tables I 
and II of the three types, and data re 


lating to electrical and mechanical 
characteristics are discussed in the fol 
lowing sections. These data should 


prove useful in establishing other ap 
plications for tantalytic capacitors 


Electrical Characteristics 


Thern ” One of the outstanding 
haracteristics of a Tantalytic capacitor 


is its ability to operate 


over an extreme 
temperature range Units, having good 
life characteristics, 


55 to +85 ¢ 


are Operating from 
, and it is possible to de- 
velop capacitors that will operate at 
ven higher temperatures 
The I po nt of the 


ambient thermal 
limits sets t 


level upon which 
1S electrically rated In 
ternal heating in the capacitor is caused 


! bas 


the capacitor 


by the d-c leakage current, by dielec- 
tric losses generat 1 when a-c currents 
pass through it, or by a combination of 
these a-c and d current Th capaci 
tor has a small heat radiating surface 


per muf of capacity when compared 
to paper types, and th 
} 


d-c leakage cur 


rent and a-c power factor, having a 
higher magnitude than those for paper 
nerate more heat. Therefore, as the 


Product Engineering 


ambient temperature increases, the ca- 


pacitor life expectancy decreases 

Tantalytic capacitors can be made 
to withstand short cycles of tempera 
tures up to 110 C and unelectrified, can 
withstand temperature changes from 
-70 to +110C such as might be en- 
countered during storage conditions 
Thus, the use of tantalum oxide dielec- 
tric instead of aluminum oxide or 
paper, offers a capacitor with a wide 
range of temperatures for a variety of 
capacitor applications 
Capacitance limits: Another advantage 
of the tantalytic capacitor is its ability 
to maintain capacitance over wide tem- 
perature ranges. The temperature co- 
efficient of capacitance is positive; that 
is, if temperature decreases, the capaci- 
tance decreases. The capacitor will re- 
tain 65 percent of its 25 C rated capaci- 
tance at -55 C when measured at 120 
cycles. The rated capacitance value in 
25 C to approximately 
110 percent at 110 Centigrade. 

This variation in capacitance with 
temperature is the result of the variable 
conducting power of the electrolyte 
and spacer material. The tantalum ox 
ide film has a small temperature varia 
tion because it is a solid-crystal physi 
cal structure. However, the electrolyte 
material, being a liquid, changes vis 
cosity and electrical resistivity with 
temperature. A maximum of conduct 
ing power can be obtained with electro 
lytes such as sulfuric acid and phos 
phoric acid that have low sparking 
voltages, but these electrolytes limit 
the capacitor rating to 100 Vv per sec- 
tion. To get higher voltage, a series 
connection must be made. 

Voltage vs capacitance ratings for 
non-polar types can be found by using 
Fig. 1 or Tables IIIT and IV. For polar 


3.75 Vv 


creases abx ve 


units, since the cathode has a 


rating, a simple relationship does not 
2 or Tables 
Ex may be 
lower but engineering recom 
be obtained 


exist and, therefore, Fig 
III and IV must be 


I rade 


used 


should The 


mc ndations 
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formulas given may be used to esti 
mate capacity values for voltages (Ex) 
below 3.75 volts 


Leakage Current Limits: The leakage 
current of the Tantalytic capacitor in 
creases with temperature and for prac 
tical applications should be taken as 
the value at the highest temperature 
Typical curves are shown in Fig. 4 
for this leakage current vs time 

The capacitor has a varying current 
when electrified and there are three 
parts to this current: (a) transient 
charging current: (b) decremental 
leakage current: c) steady state leak 
age current. The charging current flow, 
Fig. 3 (a) is common to all capaci- 
tors and is a function of the magni 
tude of voltage, value of electrical ca 
pacitance, and the amount of resis 
tance in series with applied charging of 
voltage and capacitance. The leakage 
current due to continuous flow of cur 
rent is shown in portion (c) of Fig 
3, and after a 10 min electrification 
tume becomes stable. This time inter 
val is a convenient reference point, for 
applications where leakage currents are 
important. The maximum leakage cur 
rent should be determined for the time 
interval required and Fig. 4, will be 
helpful in estimating this value 

The amount of leakage current for 
a given voltage rating is influenced by 
the area of the anode and the thermal 
and electrical history of processing. For 
Tantalytic capacitors the leakage cur 
rent is approximately proportional to 
the capacity rating, thus Fig. 4 is given 
in micro amps per microfarad of ca 
pacitance. The leakage current is as 
sumed proportional to the applied 
voltage 


Voltage limits: The rated voltage of a 
tantalytic capacitor is the maximum op 
erating voltage. So that a safe surge 
voltage rating can be specified, the 
units are aged at a higher voltage than 
the rated one, thus allowing a 16// 
percent higher surge voltage to be car 
ried for a short period of time 

The amount of a-c voltage that can 
be safely carried depends upon the 
amount of heating, frequency, and di 
rection of the applied voltage. This can 
be calculated from Figs. 5 and 6 


The crest voltage is EV2 1.41] 


}2) 


Table I—Evaluation of Tantalytic vs Paper and Aluminum 
Electrolytic Capacitors 





Characteristics Tantalytic 


Voltage Range: 


d-c 0-150 Good 
150-500 Poor 
500-1,000 Poor 

a-c Low 


Capacitance Temperature Coefficient: 


20 to + 85C Good 

55to + 85C Good 

55 to 125C Fair 

Power Factor: High 
Insulation Resistance: Low 
Service Life: 
40C Good 
85 C Good 
125C Fair 
Shelf Life: 

55C Good 
+25C Good 
+85 C Good 

Sizes: Small 
Weight: Low 
Vibration and Shock: Good 
Cost: 

0-150 v d-c High 
150-500 v d-c High 
500-1,000 v d-c High 

Standardization: None 
Availability: Fair 


hance for Improvements by 
Further Development: 


Wider Temp. Range Good 
Size Reduction Good 
Cost Reduction Good 


Aluminum Elec. | 


Good 
Good 
Poor 

Low 


Good 
Poor 
Poor 


High 


Low 


Good 
Fair 
Poor 


Good 
Fair 


Poor 

Small 
Low 

Good 


Low 
Low 
High 
Poor 


Good 


Poor 
Poor 
Poor 


T 
| 


Paper 


Poor 
Good 
Good 
High 


Good 
Good 
Good 
Low 


High 


Excellent 
Excellent 
Good 


Excellent 
Excellent 


Good 
Large 
High 
Good 


High 
Medium 
Low 
Poor 


Good 


Fair 
Poor 
Poor 





Table Il—Comparison of Various Type Capacitors 


in Terms of Percent Volume 





Percent Volume 


100 volts d-c 300 volts d-c | 1,000 volts d-c 


Type | 
Paper 100 
Ceramic 96 
Metalized paper 65 
Aluminum Electrolytic 2 


Tantalytic Capacitor 


100 
250 


30 
25 


100 
400 





Table I1I—Maximum Capacitance Values for Maximum 


150 v d-c Rating 





Capacitance Values 


Case Size, Max 





C; Cyp Cx Ex 
9/32 x 57/64 2 muf 1 muf 80 3.75 
3/8x 17/16 4 muf 2 muf 160 3.75 
3/8 x 25/32 8 muf 4 muf 320 3.75 
3/8x27/8 12 muf 6 muf 480 3.75 
J22 





and should not exceed the d-c voltage 
rating. Where a-c voltages are to be 
superimposed on d-c voltages, the crest 
value of the sum of all the voltages 
should not exceed the d-c rating of 
the capacitor. Where continuous peak 
a-c voltages greater than 75 percent 
of d-c rating are used application 
should be checked by life test. 

To obtain higher voltage ratings the 
capacitor can be series connected. How- 
ever, due to the variation in leakage 
current characteristics a voltage bal- 
ancing resistor must be used to ensure 
long life. A balancing resistor having 
about 1/3 of the resistance of the 
capacitor is adequate. 

In applications where the small cur- 
rents caused by the balancing resistors 
are objectionable, tests should be made 
in the desired circuit to the capacitor’s 
rated voltage. The balancing resistor 
should be connected across each series 
connected capacitor. In the series con 
nected units, it is necessary to elec 
trically insulate the metallic cases from 
ground and each other. For applica 
tions of this kind, capacitors can be 
supplied with plastic insulating sleeves 


Power factor: Power factor will in 
crease with temperature and, therefore 
the heating caused by a-c voltages must 
be considered at the maximum appli 
cation temperature. Normally, at 60 
cycles it will be about 0.9 times the 
120 cycle value and at 1,000 cycles 
will be about 1.1 times the 120 cycle 
value. At -55C and 120 cycles the 
power factor will range between 25 
and 50 percent, depending on the 
rating being tested. 

The power factor increases with 
service life but does not exceed 15 
percent during the full life of the ca- 
pacitor. It varies with capacity because 
of the ohmic resistance of anode and 
cathode foils. For very low voltages and 
large capacity ratings this can be an 
appreciable effect resulting in a high 
power factor. 


Ratings: A polar capacitor is suitable 
for use on voltages which have no re 
versal. However, in many circuits a 
slight reverse voltage may occur and 
the cathode of the tantalytic capacitor 
can carry a reversal voltage of 3.75 v 
The polar type is, therefore, a non 
polar capacitor of 3.75 v. For circuits 
that are designed for voltage reversals, 
only non-polar types should be used 
If the non-polar capacitor is used 
for long periods of time (several hun 
dreds of hours) without reversal the 
normal rated capacity will gradually in 
crease about 75 percent (1 muf to 1.75 
muf). However, when the potential is 
reversed (for a matter of minutes) 
this rise in capacity does not occur 
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Table IV 
Application Example Data 





ro use Figs. 1 and 2 and Table II assume: 


FE = desired voltage rating = 100v for 
3/8 X 17/16 case size, non-polar ca- 
pacitor 

Chen: C Cwre) X (150/E 
( New capacitance value in 
muf 
( non-polar capacitance 
value from Table II 
( 2 X 1.5 = 3.0 muf or read 


directly from Fig. 1 at v 100, C 3.0 
or: lor a polar capacitor using the above 
values 


~ 
oo“ 
~ ~~ Oo 
> s 
=) 


° { 
75 
('K iD + ((", 150 
Ex 
( new capacitance value in muf 
Cs Iffective capacity of cathode 
from Table II 
Kx Rated voltage on cathode 
from Table II 
(Cy polar capacitance value 
from Table II 
; 160) (1)(4)(150 
( : 6 app. or 
160) (1)(100) +(4)(150 
read directly from Fig. 2 at v 100 
4 , 
¢ 6 ipp 
lo use Figs. 5 and 6 assume 
9/32 « 57,64 rated at 150 v d-c at 


1 muf to find voltage limit and current 
carrying capacity 
Then: at 1,000 cycles 
A 0.064 from Fig. 6 
R 11.5 from Fig. 5 


Therefore: / Ay ( 


I current in amperes rms 
‘ equivalent heating value 
( capacitance in mul 
/ 0.064 amp rms 
ky — (R 
\ f 
Ry; volts resistive 
R series resistance in ohms 
OF 0.736 v resistive 
, 4 (159,300 
i 
\ ( 
BE volts reactive 
Irequency in ¢ ycles per sec 
k 10.12 v reactive 
E VV (Er)* + (E.)* 
E 10.19 v rms 





Mechanical Characteristics 
Construction: Tantalytic capacitors are 
housed in a silver or silver-plated cop- 
per case (see Fig 7). This type ot 
housing has the proper chemical re- 
quirements to 


reduce corrosion to a 


minimum and ensures long shelf and 





operating life 
The end of the metal case is se- 
curely crimped around rubber end seals 
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Fig. 1 Maximum 
farad rating for 


microfarads for 
the four types 


non-polar capacitors. Curves show the micro- 
of capacitors at various d-c voltage rating. 
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Fig. 2 Maximum microfarads 
sizes the microfarad ratings of 





(9) 





aneinnime en emeeeh BPiahy ees myn ain sm ose cham ein eras 


for polar capacitors. Note that for equal case 
polar units are twice those of non-polar units. 


(b) 


(c) 











Time 


Fig. 3. Typical d-c leakage current during electrification. (a) transient charg- 
ing current; (b) decremental leakage current; (c) steady state leakage current. 
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10,000 


Ss per Second 








Fig. 5. Curves for series resistance R,, vs frequency for various temperatures. 
In applying Tantalytic capacitors the value R, is divided by the rating in micro- 
farads to obtain the series resistance R. 


























Fig. 6 Maximum current ratings for 85 C ambient temperature for indicated 
case size. A is the equivalent heating value of the capacitor and is equal to 


the \ watts per sq in. < surface area at 85 centigrade. 


Fig. 7 Capacitor construction: (A) two foils separated by insulating spacer 
material; (B) two tantalm leads; (C) two rubber end seals and case; (D) as- 
sembled unit; and (E) unit with welded-on soldreable leads. 
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through which the tantalum lea 
extend. The rubber end seal gives ex 
cellent performance over the tempera 
ture range of -55 C to +85 C for long 
periods of time and has the ability to 
withstand higher temperatures for short 
pe riods 

The terminal connections are formed 
by a nickel wire welded to the tantalun 
wire. The weld is made 14 in. from 
the end of the capacitor and all solder 
ing should be done on the nickel wire 


is tantalum is not readily solderabl 


S1Z¢ The size of the Tantalytix apa 


tors, Fig. 8, is determined by the size 


of the active capacitor element plus 


the size of case and end seal. The a 
tive capacitor roll requires approximate 
ly 45 percent of the total volume and 
as the active capacitor element becomes 
smaller, the case and seal become the 
controlling factors in det 

yverall size of the unit 


luctions in component 


I 


Mounting: Tantalytic cape 
OD x 57/64 in. long and smaller may 
be mounted by their leads where the 
supporting terminals are placed with 
in 14 in. of the end 
hal 
sizes a clamp-type hold 
used to securely anchor 


so that no appreciable st 


Fig. 4 Typical d-c leakage current 
valves for a one microfarad capacitor 
from which the leakage current for 
various capacitance and voltage rat- 
ings may he estimated. Curves may be 
used for polar and non-polar units. 
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The metallic case of the capacitor 
forms its principal heat radiator, so 
where thermal limits dictate the ap- 
plication, the case should not be ther- 
mally insulated. In polarized types, 
where the negative terminal is ground- 
ed, the capacitor case should be mount- 
ed on a metallic surface that will help 
cool it. In the case of non-polarized 
ratings, the capacitor should be electri- 
cally insulated and mechanically mount- 
ed so that full circulation of air is 
obtained over the surface of the case to 
reduce heating. 


Vibration and Shock: Tantalytic ca- 
pacitors have been tested under shock 
and high acceleration conditions and 
found to be satisfactory. Tests on the 
9/32 OD x 57/64 in. case size, sus 
pended by its leads, have shown that 
the unit can successfully pass the JAN- 
C-25 vibration test. However, until 
more data has been accumulated, shock 


and vibration tests should be made 
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NOMINAL DIMENSIONS 











Fig. 8 Ranges in sizes and ratings of 
tantalytic capacitors showing general 
proportions and terminal position. 
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Life Tests 


Capacitor life may be defined as the 
length of time a capacitor will give sat- 
isfactory service in a given application. 
The most exact way to make capacitor 
life tests is in actual applications for a 
long period of time, say 20 years, with 
the resulting service failure data used 
as a guide to optimum capacitor design. 
This method of life testing, however, 
is applicable only to capacitor applica- 
tions which have been standardized for 
many years. Requirements are changing 
so rapidly that no one group of capaci- 
tor applications have remained fixed 
for more than a few years. Therefore, 
the field service testing method be 
comes impractical. 

The Tantalytic capacitors developed 
to date using optimum technique, have 
been life tested on a limited scale as 
large number of test samples have not 
been available. Life tests are planned 
for 65 C, 85 C, 110 C, and 125 C 
The life characteristics of the capacitors 
are judged in the following way: 


Quality of the Ta,O, oxide insulating 
film: The stability of the oxide film is 
considered good when the capacitance 
decrease is less than 10 percent at the 
end of a 250 hour, 85 C + 5 C test 
Change in power factor at 120 cycles 
The power factor gives a sensitive 
measure of the condition of electrolyte, 
rubber seals, oxide film, degree of im 
pregnation, and general process used 
in making the Tantalytic capacitor 
Therefore, the change in power factor 
during life test is an important factor 
For an 85 C, 250 hour life test, the 
comparison of initial power factor to 
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final power factor should fall within 
a fixed limit. This is established as a 
maximum value of 15 percent power 
factor, when measured at 25 C and 
120 cycles, as a tentative limit of power 
factor variation for plain foil type Tan 
talytic capacitors. 


Mechanical deformation and condition 
»f seals: Visual inspection of Tan- 
talytic capacitor after life test will re 
veal any sign of leakage of electrolyte 
or indication of internal gas pressure 
A further destructive test check on the 
seals is to immerse heated capacitors 
into a cold solution containing a pene- 
trating dye. Such a thermal cycle will 
stimulate leakage of the dye solution 
through the rubber end seals and exam 
ination of the interior of the capacitor 
after opening them will reveal any 
leakage through the seals 


Applications 


Tantalytic capacitors are now being 
used, fig. 9, in circuits for carrier cur- 
rent telephone equipment, miniatur- 
ized radio receivers and transmitters, 
gun control servo mechanisms and 
transistor applications where the ca 
pacitor matches the transistor in sturdi- 
ness and long operating life. Other im 
portant possibilities for Tantalytic ca 
pacitor use are in blocking by-pass and 
filtering applications in the low fre 
quency range 

In commercial telephone equipment 
the small size and long life are the 
desirable features, while in military 
and ordnance equipment, small size, 
resistance to shock, low temperature 
characteristics and long shelf life are 
the most 


Fig. 9 Miniaturized servo-amplifier using large capacity low voltage Tantalytic 


capacitors in place of paper capacitors. 
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to the latter type. 


The Precision Potentiometer 


As a Voltage Divider 


Constructional features and characteristics—including reso- 


lution, accuracy, and loading error—that make linear and 


non-linear types suitable for precision control applications. 


H. A. SCHMIDT 
Sales Engineer 

Helipot Corporation 
PRECISION POTENTIOMETERS are be- 
ing used to supply intelligence to the 
automatic control systems of machines 
and processes in an increasing number 
of industrial and military applications 
In such applications they function as 


electro-mechanical transducers whose 


electrical output, at the brush terminal, 
is a function, either linear or non- 
linear, of translatory or rotational shaft 
motion 

Accuracy is insured by careful de 
sign, precision machining and the use 
of the most suitable materials for each 
purpose. Shafts are made of stainless 
steel and produced on centerless grind 
ers. Shafts and pilot bushings are nor 


mally held to tolerances as close as 
10.0000 to —0.0005 in. Brass sleeve, 
powdered bronze, and ball bearings 
are frequently used to insure close tol- 
erances on shaft runout and eccen- 
tricity. 

The resistance elements are almost 
universally single-turn or miulti-turn 
helical wire wound types, Fig 1. Sev 
eral physical arrangements of the re- 
sistance elements are possible: In one 
design, the rectilinear potentiometer, 
the resistance element lies along a 
straight line in a flat plane, with 
the contact arranged to pass linearly 
along it by a translatory motion of the 
shaft. The more common configuration 


Table I—Characteristics of Precision Potentiometers 





1 


3 10 


25 40 





100 to 50K 


10 to 75K 25 to 300K 


100 to 750K 200 to 1 MEG 





800 to 4,000 


850 to 5,000 3,000 to 18,000 


8,000 to 75,000 21,000 to 135,000 





1% to3 





1% % to 1 13/16 


3 5/16 3 5/16 





44 to8- 


14 47 
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2—Potentiometer linearity. 


Rotation 


(A) Absolute theoretical 


accuracy is 


one-half the 


resolution. (B) Independent linearity is the maximum deviation from a straight line 
drawn through a voltage vs rotation plot. (C) Zero base linearity is the maximum devia- 
tion from a straight line that passes through zero voltage on a voltage vs zero rotation plot. 


involves a circular resistance element 
having one or more turns with a cen- 
trally located rotatable shaft that car- 
ries the contact making arm 


Potentiometer Resolution 

Since a wire-wound resistance ele 
ment is essentially composed of a num- 
ber of turns of wire wrapped around 
a coil form, any contact that traverses 
this element will produce finite steps 
of voltage or resistance as it moves 
from one turn to the other along the 
coil. The number of finite steps pro- 
duced, known as the resolution of the 
pot, is usually expressed in percentage 
.. . Le. resolution equals 1/N x 100, 
with N being the total number of turns 
of wire. 

The resolution of the pot indicates, 
at least theoretically, the accuracy to 
which any shaft setting or voltage can 
be made. It is important to consider 
this fact in selecting a potentiometer 
to be employed in a particular system 
Any special accuracy on the part of 
other components that might be coup- 
led to the pot would be lost if the pot 
resolution did not offer equal or great- 
er angular accuracy 

Good resolution can be accomplished 
either by using resistance wire of small 
diameter and reducing the winding 
pitch on a given length of mandrel, 
or by utilizing a longer mandrel that 
can be coiled into a helical shape to 
conserve panel space. One advantage 
of the multi-turn potentiometer over 
the single turn type is the greater 
leneth of resistance wire, with result- 
ing better resolution, that can be ac- 
commodated within any given diam- 
eter, Table I. In this instance, the man- 
drel is usually arranged like a spiral 


spring inside an insulated housing, 


Fig 1(B). 


Linearity Accuracy 

“Linearity” in a potentiometer 
means a straight line relationship be 
tween the voltage measured at the 
sliding contact and the rotation of the 
shaft. The amount that the output of 
an actual pot deviates from this straight 
line in either a positive or negative 
direction, is the measure of linearity 
accuracy. 

The absolute theoretical accuracy 
that is possible from any wire-wound 
resistance element is limited by its 
resolution, with the actual limit being 
one half the resolution, Fig 2(A). If 
a perfect linear relationship between 
the voltage at the moving contact and 
the travel of the contact (or shaft ro- 
tation) were represented by the dot 
ted line, the steps formed by each turn 
of wire would be positive and negative 
excursions equal to one-half the reso 
lution. In actual practice, manufac 
turing tolerances, materials and assem 
bly procedures prevent the linearity 
accuracy from approaching this value 
As a general “rule of thumb,” actual 
linearity values are more nearly 3 times 
the resolution. 

At present there are two definitions 
of linearity and linearity accuracy in 
common usage: independent linearity 
which applies strictly to precision po 
tentiometer usage, and zero based lin 
earitv, which is more correctly associ 
ated with rheostat, or variable resistor 
usage. The difference between poten 
tiometer and rheostat interpretations 
is concerned with the orientation of 
the theoretical line of zero error, from 
which any deviation of the output from 
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the pot is measured. In the precision 
potentiometer definition, this theoreti 
cal line of zero error can be moved in 
space until it most nearly approximates 
the actual output curve of the pot un 
der test. This is defined as follows 


“Independent linearity tolerance 
shall be the maximum allowable 
deviation from the best straight 
line which can be drawn through 
a plot of the actual points of volt 
age on a voltage versus rotation 
The tolerance shall be ex 
pressed in percent of maximum 
voltage output.” 


curve 


In Fig 2(B) the straight line rep- 
resenting theoretical zero error has 
been oriented to best fit the actual out 
put curve of the potentiometer, and 
does not necessarily pass through zero 
voltage at zero rotation, or maximum 
voltage at full rotation “Zero based 
linearity, on the other hand, specifical 
ly requires that the best straight line 
which can be drawn through a plot of 
voltage rotation 
through zero voltage at zero shaft dis 
placement. See Fig 2(C) 


versus also pass 


Loading Error 

An error is sometimes unknowingly 
introduced into a potentiometer ap 
plication by the method in which it is 
employed in its circuit. With a con 
stant potential impressed across the 
coil of a linear pot, the voltage output 
from the slider may not vary linearly 
with respect to its position along the 
coil if current is drawn through the 
slider. This is commonly referred to 
as “loading error.”’ 

Loading error varies with slider po 


sition. The error is zero at both ends 
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Fig. 3—How ratio of load resistance to potentiome- 
ter resistance affects loading error. 

















Fig. 4—Typical cireuit for testing potentiometer 
noise. Cireuit performance may be affected. 


(a) 


(8) 


(q) 


Fig. 5—Oscilloscope patterns of loading noise (A) ; 
shorting noise (B); and resolution noise (C). 








Fig. 6—Resistance elements for functional poten- 
tiometers: shaped card mandrel (A); and enam- 
eled copper wire mandrel (B). 
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dissimilar metals being rubbed together 
as in the case of the contact and the 
resistance element. A potential differ- 
ence of constant polarity is developed 
between them known as the Tribo 
emf or Tribo effect. The magnitude of 
the Tribo emf encountered in precision 
wire-wound pots is usually quite small 

on the order of tens of hundreds of 
microvolts—and depends on the rela- 


tive velocity between the two metals 

Little can be done to eliminate the 
noise caused by dissimilar metals, high 
rotational potentiometer 
resolution. Two steps are taken, how- 


velocity or 
ever, to reduce the noise caused by re- 
sistance fluctuations between the 
tact and the 
formation of oxide films on the wire: 
(1) selection of resistance wire alloys 
that are least susceptible to corrosion 
or oxidation 


con- 
resistance element due to 


preferably those with a 
high nickel content for example and 
(2) application of a light coating of 
an oxide inhibitor or lubricant to the 
wire curing manufacture 

In a typical circuit for testing for 


Fig 4, the 


g 4, noise signal is first 
amplified by a 


noise, 
medium 
gain, wide band amplifier. The ampli- 
fier is followed by a variable electronic 
filter (for example the SKL Model 
302) and then a high gain oscillo- 
scope. A variable speed motor is used 
to drive the potentiometer under test 
to obtain data on noise versus brush 
speed, as well as to provide a fairly 
constant resolution noise frequency. 
Several types of horizontal oscillo- 
may be used: either a 
sinusoidal sweep or the oscilloscope’s 
internal linear sweep will enable the 
observer to distinguish between load- 
ing noise and resolution noise. Or the 
horizontal may be driven ex- 
ternally with a voltage obtained from 
the brush of a second potentiometer, 
ganged to the pot under test; this will 
give a plot of noise versus brush po 
sition, but loading noise and resolution 
noise will usually be indistinguishable 
The type of pattern obtained when 
viewing loading noise with an oscillo- 
Fig 5(A). The 
rapid fluctuations constitute the load- 
ing noise, while the slower, sawtooth 
variation For the 
measurement of shorting noise, the 
same equipment is used but instead of 
the pot being connected as a rheostat, 
it is connected as a voltage divider 
Shorting noise 


low-noise, 


sc ype swee ps 


swec p 


scope is shown in 


is resolution noise 


as seen on an oscillo 
scope, is shown at (B). The shorting 
noise itself is always found riding on 
or near the crest of the resolution saw 
tooth. Regardless of the true relation 
between generated and brush 
velocity, the generated noise figure will 


noise 


require two measurements: the d-< 
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component can be measured with a 
sensitive galvanometer in an appropri- 
ate circuit, and the a-c component is 
observed with a low noise, high gain 
preamplifier and oscilloscope. When- 
ever the loading noise or the shorting 
noise is observed, a resolution noise 
signal is necessarily included in the 
observation. However, if a recurrent 
sweep of sufficiently high frequency is 
used in the oscilloscope, the resolution 
noise signal is easily distinguished, and 
fairly accurate measurements of the 
other noise signals are possible. A 
typical oscilloscope pattern for reso- 
lution noise appears at (C) 


Operational Life 

The operational life of a precision 
potentiometer is affected not only by 
the quality of its components and as- 
sembly techniques, but by rotational 
speed, temperature, corrosive atmo- 
sphere and dust. A _ potentiometer 
manufacturer will seldom apply an 
iron clad guarantee of minimum op- 
erational life to a potentiometer un- 
less all operating conditions can be 
accurately determined 

However, since the life of a poten- 
tiometer is expressed in cycles rather 
than revolutions, some designs have in- 
herently better life characteristics due 
to the lengths of resistance elements 
over which the brush contact must 
move to complete one cycle, or the 
number of revolutions the shaft and 
slip ring must make per cycle. Ob 
viously, the single-turn potentiometer 
can be expected to have better life 
characteristics than the helical poten- 
tiometer because it requires only one 
revolution to complete a cycle; a life 
of several million cycles is not un- 
unusual. On the other hand, 500,000 
to 1,000,000 cycles of operation is all 
that can logically be expected of a heli- 
cal potentiometer under average con- 
ditions 


Other Constructions 


Non-Linear (Functional) Potentio- 
meters—lIt is sometimes convenient to 
use the potentiometer to alter or manip- 
ulate information. This requires a non- 
linear or functional potentiometer. 

Non-linear can be ob- 
tained in two basic ways: (1) with a 
standard linear potentiometer whose 
has been resistance loaded, volt- 
age padded, or otherwise adjusted to 
approximate function, or 
(2) with a non-linear winding which 
incorporates space winding, changing 
of resistance wire and internal pad- 
ding to give the exact function re 
quired 

In general the same characteristics 
are inherent in the precision non-linear 


functions 


coil 


the de sired 
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pot as previously described in the dis 
cussion on precision linear potentiom 


resolution, loading er 
ror, The deviation of the 
output voltage from the desired func 
tion, however, is described as 
formity” rather than “‘linearity,” but 
the definition of independent conform 
ity and zero based conformity have the 
same meaning as their linearity coun 
terparts 

In these functional potentiometers 
the nature of the function relating the 
output voltage to the shaft position de 
pends on the resistance element or 
winding of the potentiometer. The rv 
sistance element is a resistance wir¢ 
wound on an insulating base or man 
drel which is usually one of three types 
(1) shaped card mandrel, Fig 6(A), 
where the wire is wound on a flat pre 
shaped card which is then coiled into 
a round shape and inserted into a cas¢ 
(2) toroidal mandrel, in which the 
resistance wire is wound on a closed 
ring cut from tubular plastic stock 
or (3) enameled copper wire mandrel 
on which the resistance wire is wound 
before the mandrel is coiled, Fig 6(B) 

Each type of mandrel has certain 
inherent advantages that make it de 
sirable for particular applications. If 
the maximum possible total resistanc: 
is desired from a given function and 
the power rating is of secondary in 
portance, the card or toroid mandrel 
should be used. If winding accuracy 
(conformity) is more important, the 
space wound enameled wire mandrel 
is superior, allowing conformities as 
high as 0.25 to 0.50 percent instead 
of 0.50 to 1.0 percent as normally ob 
tained from the card or toroid typ 
of mandrel. Because of difficulty in ; 
curately shaping a card or a toroid 
spaced (variable pitch) winding is su 
perior in a potentiometer requiring a 
low slope ratio function 

Two methods (spaced winding and 
shaped card) can be combined to ob 
tain a moderate increase in slope ratio 
however, resistance padding or chang 
ing resistance wire permit much higher 
slope ratios when used in combination 
with space wound coils. Superior func 
tion conformity as well as other ad 
vantages can be obtained through the 
resistance padding method, keeping 
the resistance wire the same in the r 
sistance element as well as the pad 
ding resistor. The use of one resist 
ance alloy maintaining the 
same uniform temperature throughout 
the pot, minimizes likelihood of ele 
trolitic corrosion from dissimilar met 
als, and when wound on a copper wir 
mandrel, permits much greater heat 
dissipation and consequent increase in 
the power rating ' 
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Developments to Watch 


CRYOGENICS AND ELECTRON- 
ICS . . . Operation of electrical and 
electronic equipment at temperatures 
near absolute zero have long interested 
researchers. Using low temperature ap- 
paratus known as a Liquid Helium 
Cryostat, these scientists have advanced 
low temperature technology to the 
point where excellent opportunities 
now exist for its practical application. 

According to Arthur D. Little, Inc. 
the general effect of. low temperature 
is the production of ordered states of 
matter. If, at ordinary temperatures, 
something occurs with an energy 
smaller than several hundredths of an 
electron volt, it is swamped by the ran- 
dom agitation of the world about it, 
caused by thermal motion. Thus, at 
normal temperatures a lower limit is 
set on the energy range of phenomena 
which may be reached. With isolation 
from the energy of the outside thermal 
motion, the entire range of low-energy 
phenomena may be reached. 

Outstanding among the phenomena 
unique to very low temperatures is 
superconductivity of metals. 

In the case of both pure metals and 
alloys, including some which are poor 
conductors at ordinary temperatures, 
their resistance vanishes completely at 
some critical temperature above abso- 
lute zero. The electrical resistance of 
practically all metals has been investi- 
gated down to about 1 K or lower, and 
in all, about twenty metals so far have 
been found to be superconductive. For 
the most part these lie in a well-de- 
fined region in the periodic table and 
include mercury, tin, lead, aluminum 
and zinc. 

The intermetallic compounds of 
bismuth and nickel and of gold and 
bismuth become perfect electrical con- 
ductors although the components them- 
selves are not superconductors. This is 
also true of the semimetallic com- 
pounds, cupric sulfide, the molybdenum 
carbides, and the tungsten carbides. In 
many cases an alloy becomes supercon- 
ductive at a temperature lower than 
the transition temperature of either of 
the individual metals. The highest tem- 
perature at which superconductivity has 
been found is 15 K with columbium 
nitride. 

Another subject of potential interest 
to electronics workers is the tempera- 
ture dependence of electrical noise. The 
ordinary noise found in metallic re- 
sistors, referred to as Johnson or 
thermal noise, is known to decrease in 


I30 


direct proportion to the temperature 
and to increase with the value of the 
resistance used. Thus, when thermal 
noise in a resistor is of great import- 
ance, a considerable increase in the 
signal-to-noise ratio can be expected by 
making it of metal and lowering the 
temperature. 

Photoconductors, substances which 
react to light by changing their elec- 
trical conductivity, are limited in sen- 
sitivity by thermal noise which may be 
removed with a vengeance with liquid 
helium. 

The field of semi-conductors may 
also benefit from low-temperature 
measurements of processes. Admixtures 
of alloying materials markedly affect 
the conductivity of germanium, and the 
effect is different at very low tempera- 
tures than at room temperatures. Re- 
search along these lines is being car- 
ried out by Bell Laboratories. It is felt 
that additional data obtained in ex- 
treme cold should help explain german- 
ium’'s conductive mechanisms and thus 
improve semi-conducting devices such 
as germanium diodes and transitors. 
Perhaps a material as yet undiscovered, 
may show semi-conducting properties at 
liquid helium temperature and be use- 
ful as a low noise transistor. 

Insulators become so nearly perfect 
at these low temperatures that they may 
hold a charge for unusually long per- 
iods. This may be useful, for example, 
in a storage tube for computers. 


The magnetic properties of matter 
are greatly changed, or at least ex- 
aggerated, at low temperatures. The 
fact that nuclear and paramagnetic 
resonance at radio and microwave fre- 
quencies becomes sharp and strong 
should be useful in filters and timing 
circuits. The rare earth salts which ex- 
hibit low loss ferromagnetics, unusual- 
ly high permeabilities, and other such 
properties await application in devices 
such as magnetic amplifiers. 


SEMI-CONDUCTORS .. . In the 
field of semi-conductors, germanium 
still remains the most important ma- 
terial. While there has been much dis- 
cussion of silicon as being a material 
that would replace germanium and 
provide vastly improved devices, evalu- 
ation does not yet confirm such state 
ments. While silicon will operate at 
much higher temperatures and reduce 
the current in the back direction, it has 
proven much more difficult to produce 
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than germanium in sufficiently pure 
form. Furthermore, its higher resistance 
in the forward direction and its greater 
sensitivity to temperature changes limit 
its usefulness in some devices. At the 
present time, it would appear that 
silicon will supplement germanium 
only for those applications where its 
specific characteristics find greatest use. 

Perhaps more important in the more 
distant future will be compound semi- 
conductors utilizing two or more ele- 
ments which may well permit tailoring 
of the material to obtain all of the 
characteristics most desirable for any 
specific application. Work done to date 
on these materials looks very promising 
but because of the magnitude of the 
job may well require considerable time 
to bear fruit. 

The germanium devices currently be- 
ing worked on show steadily improving 
characteristics. It has been found that 
transistors produced by the diffusion 
and rate growing techniques developed 
by General Electric have usable tem- 
perature limitations considerably above 
those made by other methods. Transis- 
tors have been made which will operate 
in boiling water, a far cry from their 
status as late as a year ago. Frequency 
limits are steadily being pushed up both 
by improvements of the characteristics 
of the germanium, as dictated by a 
better understanding of causes of fre- 
quency limitation, and by the introduc- 
tion of new devices such as the tetrode 
or base contact transistor so much in 
the news of late. 

The cooling problem for high 
powered devices appears to have been 
solved by the use of vapor cooling 
techniques in which the device is 
emerged in a liquid which will boil 
slightly above room temperature and 
thus transfer the heat to a radiator. 
Even though the losses and thus the 
total heat produced is small in these 
devices, the small size of the device 
itself presents a problem of heat flow 
comparable to that met in jet engines. 
Specially designed power transistors 
have been operated with power outputs 
as high as 40 watts 

For many specialized electronic 
functions such as switching, gain con- 
trol, and computing circuits, recently 
developed multi-element devices appear 
to have advantages over the more con- 
ventional three element junction tran- 
sistors. These units are the first results 
of pioneer efforts to apply the unusual 
electronic properties of semiconductors 
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FERRITES The ferrites com- 
prise a group of non-metallic magnetic 
materials that, because of their very 
high resistivity, largely eliminate the 
problem of losses due to eddy currents 
encountered in iron alloys. While 
showing tremendous promise, this fteld 
is largely undeveloped because of the 
lack of basic knowledge of the mecha- 
nisms involved. This basic knowledge 
is being obtained at an accelerated rate 
and it is felt that considerable expan- 
sion of this field will occur in the near 
future. 

At the present the ferrites have 
found important applications in re- 
placing metallic magnetic materials in 
television circuits; as magnetic ampli- 
fiers to replace vacuum tubes by more 
rugged and reliable devices; as micro- 
wave attenuators and switches; and as 
delay lines, filters, electro-acoustic 
transducers, and magnetic computer 
components. These are but a scratching 
of the surface of possible uses. 


PRINTED CIRCUITS . . . Since its 
origin as a practical production tool in 
the proximity fuse, printed circuitry 
has proven its value in both commercial 
and military applications. Some of the 
many commercial uses have been in 
hearing aids, table model radios, and 
television sets. Of course, the military 
aspects have been carefully investigated 
and many applications of printed cir- 
cuitry are currently in production. 

Of the almost infinite number of 
combinations of printing techniques 
and materials that have been investi- 
gated, those receiving most attention 
for production are the fired-on con- 
ductive and resistive materials on a 
ceramic base, and the stamped and 
etched foil wiring on a plastic base. 
Hearing aids are the most widely 
known application of the former, and 
here not only is the wiring printed but 
the resistors are printed as well. A 
great deal of interest has been shown 
in the foil-plastic types of printed 
circuitry used in conjunction with 
standard components. This is a con- 
sequence of the difficulties encountered 
in printing large numbers of compon- 
ents on one assembly and maintaining 
required tolerances. Radio and tele- 
vision as well as many military applica- 
tions are using this combination. 

The aim of much activity in this 
field has been the development of 
greater mechanization in production. 
The present plan is to attain this goal 
in steps. The first step was the printed 
wiring. This was followed by dip 
soldering connections. The next prob- 
lem under investigation is the mechan- 
ical placement of components which 
will be superseded by the formation 
of components in place. More will 


have to be learned about the control 
of characteristics of printed compon- 
ents before this last operation becomes 
a possibility. 


TELEVISION VIDEO RECORD- 
ING ON MAGNETIC TAPE... 
Within the next few years we can ex- 
pect to see the development of magnetic 
tape recording reach the point where it 
will be used commercially for television 
video recording. 

Magnetic tape recording has four 
major advantages over film recording. 
First, the television video signal can be 
taken directly from the network and 
recorded as an electrical signal, thus 
avoiding the necessity of converting 
the — to an optical picture before 
recording. Second, the magnetic re- 
cording requires no processing; it can 
be played back right after the recording 
is completed. Third, instantaneous 
monitoring of the recording in process 
is possible. Last but by no means least, 
tape recording provides an economic 
saving since the tape can be erased and 
reused many times. Future development 
is directed toward reducing the amount 
of tape required by compressing infor- 
mation. 


MAGNETIC AMPLIFIERS .. . In 
addition to inroads being made in 
industrial control circuits, magnetic 
amplifiers are moving in on aircraft 
electronic equipment (Aviation Week, 
March, 1953). 

For example, both General Electric 
and Westinghouse are producing mag- 
netic amplifier voltage regulators for 
aircraft alternators (a-c generators). 
The Westinghouse regulator uses mag- 
amplifiers throughout; the GE unit 
uses a cold-cathode tube for voltage 
reference purposes. 

Here's what makes magnetic ampli- 
fiers so attractive to avionics designers : 
» Extremely reliable. Mag amplifiers, 
with their transformer-like construc- 
tion, are potentially rugged and long- 
lived. 

* No filament or B+ power. Mag 
amplifiers operate directly from a-c and 
require no B+ or filament supply. 

+ Lower power consumption. Unlike 
vacuum tubes, magnetic amplifiers con- 
sume very little power. This cuts air- 
plane power generating capacity and 
engine fuel consumption. 

- Eases cooling problem. Because mag- 
netic amplifiers consume less power 
there's less heat to dissipate. 

* No warm-up time. When vacuum 
tubes are used, equipment must usually 
be left in standby condition (filament 
power on) throughout the mission 
Only in this way can the equipment be 
ready for instant operation when need- 
ed. Mag amplifiers need no warm-up 
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period, thereby cutting power consump- 
tion and extending =e life. 

* Wide power range. Mag amplifiers 
can be used to control a wide range of 
power, from \/, watt up. 

There are, however, several disad- 
vantages associated with mag ampli- 
fiers. These are: 

+ Slightly heavier. When operated from 
a 400-cycle a-c supply, mag amplifiers 
usually run somewhat larger and 
heavier than vacuum tube amplifiers 
of the same capacity. At higher a-c sup- 
ply frequencies, this weight disadvan- 
tage disappears. 

» Slower response. Magnetic amplifiers 
have slower response time than their 
vacuum-tube counterparts. But mini- 
mum possible response time (one-half 
cycle of a-c supply frequency) can be 
improved by using higher frequency. 
- Rectifier limitations. Mag amplifier 
circuits require many rectifiers. Selen- 
ium rectifiers are comparatively bulky; 
the smaller germanium rectifiers are 
unable to operate at the higher tem- 
peratures encountered in avionics 
equipment. 

The number of technical papers de- 
livered at IRE and AIEE conventions 
during the past year point to increasing 
industry interest in this field. 

Most mag amplifier gone at 
present are in the field of servomech- 
anisms and control. However, mag- 
netics are also finding use as radar 
pulse generators and as flip-flop circuits 
in digital computers. 


FIBER DUCTS FOR WIRING 
PANELS... . Use of vulcanized fiber 
wiring ducts for control panels of ma- 
chine tools and process —— is a 
new approach to the problem of har- 
ness wiring. Snyder Tool and Engineer- 
ing Company has developed a system in 
which U-shaped channels are fastened 
to the base of the panel above or along 
side a row of components 

The open face of a channel is up 
and the sides are perforated with holes 
about 3 in. in dia. Wires are laid in 
the channel and the ends pulled 
through the holes to connect the vari- 
ous devices. Junctions between hori- 
zontal and vertical runs are made by 
slotting the side of one channel and 
fitting the open end of the other to it 
When the wiring is complete, covers 
are fastened over the open face 

In wiring a panel by this method, a 
minimum of planning is necessary 
Once the devices are mounted, connec- 
tions between them may be read di- 
rectly from the schematic drawing 


The review of developments in semi-con- 
ductors, ferrites, printed circuits, and video 
recording was based on an informa! discussion 
by L J. Kaar, Chief Engineer, Electronics Di- 
vision, General Electric Company with McGraw- 
Hill editors. 
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THESE CONNECTORS ARE ACTUAL SIZE 


Series SM-20......Sub-Miniature Rectangular Connectors 


Serles 20......... .Miniature Rectangular Connectors 
Series H-20 . Hermetical Seal Miniature Rectangular 
Connectors 

Series C-20............c00-+-Miniature Hexagonal Connectors 
(Vibration Proof) 

Series EZ-16.. wee Easy Release Power Connectors 
(Spring Loaded contacts) 

SOrIOS 16......ceccceceseereeeeee RECtangular Power Connectors 

SOPICS 14.........ccesereecnereee RECtangular Power Connectors 

Series PC.......... Printed Circuit Connectors 


Miniature Precision Stand-offs 


SPECIAL DESIGNS — submit your connector problems to 
our engineering department. 
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ELECTRONIC SALES DIVISION DeJUR-AMSCO CORPORATION 


Write Dept. HC, DeJUR-AMSCO Corporation 
45-01 Northern Bivd., Long Island City 1, N. Y. 
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1, when first cost 
is important. . 


You can hold down 
costs with this “‘all- 
purpose’’relay. Meets 
Automatic Electric’s 
high quality stand- 
ards— gives long, de- 
pendable service. For 
dc operation only. 


2. for outstanding endurance, 
dependability . 


When extremes in 
long service life and 
reliable operation are 
demanded, this relay 
meets requirements. 
Life often exceeds 
400 million opera- 
tions! For ac or dc 
operation. 


. 


Class ““A”’ 
Relay 


ee 





Class “‘B’’ 
Relay 


3. when size limits 
relay selection ... 


This compact relay 
combines unusual 
dependability and 
surprisingly long 
service-life in a space 
about half the size of 
the average relay of 
equal rating. For dc 
operation only. 


4, for alternating 


current only... 


Here’s a relay for use 
where ac is the only 
power source— where 
operate or release 
time delays are not 
a factor—where low 
power consumption 
is a must. For ac op- 
eration only. 


Product Engineering 





Class ‘‘C”’ 


Relay 


- 


Class “‘F’’ 


Relay 








5. for exacting miniature 


applications... 


For aircraft use where 


resistance to shock —— , 


and vibration must 
be met by a small, 
light relay. Rugged, 
reliable. For dc 
operation only. 


6. for maximum timing 


with reduced size... 


You can order this 
miniature relay with 
specific time-delays, 
plus many other spe- 
cial features. For ac 
or de operation. 
Time-delay is for dc 


operation only. Class “' 





Class “— 
Relay 





Z” 


Relay 








stepping switch features 


For complicated space and 
weight problems, specify 
Type 44. By proper wiper 
arrangement, this sturdy 
switch can provide 10-, 
20-, or 30-point operation. 
For up to 110 V. de, or 
built-in rectifier for 115 
V.-60 cycles. 


Use Type 45 for greater 
capacity plus dependable 
performance. Available 
with 2 to 10 (or more) 
25-point bank levels. Can 
be used with wipers ar- 
ranged independently for 
25-point operation; or in 
staggered pairs for 50- 
point operation. For up to 
110 V. de, or for 115 V. ac. 





RELAYS 






AUTOMATIC < 
CHICAGO 
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send for: 
Relay Circular 1702. 
Stepping Switch Circular 1698. 


7. tocombine relay and step- 
ping switch functions... 


Here’s a shock-resist- 
ant, cam-type relay 
for cam-switching, 
alternate on-off oper- 
ations. Use as a 
“stepper.’’ You spec- 
ify programming. 
For dc, or 115 V.-60 
cycles ac rectifier 





‘ Series 
operation. “ocs” 
Relay 


8. special features 
available... 


For applications 
where atmospheric 
conditions will affect 
relay performance, 
all Automatic Elec- 
tric relays are avail- 
able in hermetically- 
sealed enclosures. 
Special plug-mount- 
ings may also be spec- 
ified for Class A, B, Ciass “s” 
F, S and Z Relays. Relay 





Automatic Electric’s high stand- 
ards of quality, workmanship and 
engineering offer you the finest re- 
lays and stepping switches money 
can buy, in a complete selection 
to fit your needs. Write today for 
complete information. Automatic 
Electric Sales Corporation, 1033 
West Van Buren Street, Chicago 7, 
Illinois. 


_ SWITCHES 
ELECTRIL 
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SILVER GRAPHALLOY 


<P AL>BRUSHES 


Silver GRAPHALLOY Brushes have been widely used because BRUSH HOLDER AND CAP 


of Low and CONSTANT CONTACT DROP, EXTREMELY LOW 





ELECTRICAL NOISE and LONG LIFE... especially for rotating INSULATED CAP BRUSH HOLDER 
strain gages, thermocouple circuits, synchros, guided mis- wae — oY PS es." 
siles, fire control equipment, transducers, radar and sonar KD 








“4 F- 
e I  * A 
equipment, servo-mechanisms, selsyns and dynamotors. i i 
The GRAPHALLOY process was patented 40 years ago and a A = 
fl 
ee Y 


the name GRAPHALLOY has been our copyrighted trademark — 











since that time. While this company has been selling 
GRAPHALLOY for the past 40 vears recent developments have 


iy 
| 
! 


- 
° ° . an 4 
added materially to its properties. Over 30 grades are now ss é < 3 
. . . . . . = — . * 
used in a wide variety of applications. Silver GRAPHALLOY m = $2 = a Se = = 
i” . . . . . ees ”“ a = — 
Brushes on 4”-diameter coin silver slip rings have been used | 2 © 3S 83 Ff. &$ €S FES 
, . . ~~ . . . — = e =: = — = 2 a 
successfully in highly critical electrical circuits at speeds up s > 3 a oe H a s3 sf § 
. ° ° ° . a s £ ] = 
to 100,000 R.P.M. Our Engineering Department will assist st > 8 33 ae S = an - 
: — S =x so . < o a ow 
in determining the exact grade of GRAPHALLOY for your needs. _ = Ps ee. 
14326 Ve 54. Vie Vie '%, 490 " 425 ?? 
11509 sq. = Vie “Vie '%. 430 ", -425 2 
BRUSH AND SPRING ASSEMBLY mw tt & Ff € BR RE 
11527 Yes. Yo “se Ye 616 We -578 “se 
Silver GrapuALLOoY Brushes are available for the standard Brush Holders Other sizes eveilebie. . ‘ 
described in the next column. Springs are supplied, as part of the assembly, “Mounting hele diometer for Brush Helder dimension D. 
to give the correct brush pressure for each brush application. Shunts are 
provided where necessary to insure extremely low electrical noise level and j 





for carrying heavy currents. 


— 





COIN SILVER SLIP RINGS 


Standard Coin Silver Slip Rings, both cylindrical and flat types, are illus- 
trated below. We recommend the cylindrical type ring with three brushes INSULATING 
per ring spaced at 120°. The cylindrical type are designed for press SLEEVE —- 
fitting over standard steel shafting. The flat type rings are designed for nest- 
img either on an insulated plate or for molding into insulation. Insulated 
slip rings of either type or slip ring assemblies can be furnished with 
leads attached 






DIAGRAM of 
BRUSH and 
SLIP RING 
ASSEMBLY 


Teall 
C(C(AULUUALIINN 


























Part No. oD ID Thickness Part No. oD iD Width 

168-20 1% ™% Ly 116-4** M% -127/ .123 A 

168-322 1% 116-6°* = 1252/ 248 CONNECTORS 

168-44 2% 2% is 116-8** by 377/ 373 & 

168-56 3he 3 ib 116-10** % .502/ 498 & (GARTER SPRINGS) 

168-68 4% 3% 1% 116-12** Ms -627/ .623 & 

168-80 5 4'e 1% 116-14** Wn -752/ .748 M% 

168-92 5s 5% ib 116-16** 1 877/ .873 ™% —_ 

168-104 6% 6 ib 116-18** 1% 1.002/ 998 % y Spri 8 h ‘ h 

168-116 71 6% . BY j 99 1 > Garter rin rus rus 

168-128 HM . Te a 5 ae Ry beg These silver plated coil spring c ‘ 9 $i Holder No 

168-140 834 8% ib it 1.500 1.496 “ Connectors make for positive acim nate —~ vt ; 

168-152 gin 9 2 on 2.000/1.996 2 4 electrical connection to the brass = 

168-164 10% 9% A 21h 2.500 /2.496 MP body of the brush holder by 127-9 Vp 94. 14326 

168-176 il 10% Y% 31, 3.000 2.996 - snapping into the groove on the 127-9 Vy. 4. 11509 

168-188 11% 11% Ys 33, 3.500 3.496 > holder. The connecting lead can 127-10 Vig 99. 11570 

168-200 12% 12 % 4% 4.000 3.996 4 be pre-soldered to the Connector. 127-14 Va 4. 11527 

168-212 : y My 4% 4.500 /4.496 

168-224 M 5% 5.000 /4.996 

168-236 M% 5% 5.500/5.496 

168-248 : Ms 64y 6.000 /5.996 . 

168-260 5! i 1168-118 7%  7.000/6.996 ™ 

es-0g mm“ Te ee CALL ON OUR 40 YEARS OF DESIGN EXPERIENCE 
94 9 


168-296 sis m 1168-166 108% 10.000/9.996 3 FOR HELP IN SOLVING YOUR BRUSH PROBLEMS! 
53-308 : 
198.320 fi **Coin silver .025 thick inlaid over brass 
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requirements 


( ...and SILVER GRAPHALLOY Ls your “TOUGH” 


DUsh aSSEMDIES | sin 













































CYLINDRICAL SLIP RING and CYLINDRICAL SLIP 
- ait Graphalioy Brush 
| Three Brushes on BRUSHES 
Ring 120° Apart ~ 
- * 
Coin Silver . 
ates : are used on 
= 
= 
. such equipment as.. . 
a © SERVO SYSTEMS 
L . FLEXIBLE COUPLING @ SYNCHROS 
© SELSYNS 
One standard grouping has 10 slip rings although any number of © CHOPPERS 
slip rings may be assembled. 3 brushes per slip ring are used. © RADAR 
FLAT SLIP RING wang we hae © SYE0S 
im plastic ring sup 
. 
SECTION Y-Y SECTION 2-2 INVERTERS 
ASSEMBLY - © PULSE SYSTEMS 
== © GUIDED MISSILES 
® DIGITAL COMPUTERS 
© WAVE GUIDES 
© SONAR 
Li © TRANSDUCERS 
r © TORQUE INDICATORS 
On rotating equipment, the measure- been used extensively in rotating strain 
ment of changes in resistivity or emf gage and thermocouple applications. “We Specialize in 
must be brought out by means of slip Noise levels as low as 20-50 microhms G ial Desi ” 
rings and brushes. To obtain intelli- in a 100-ohm circuit have been obtained pecial Designs 
gible information under these condi- with Silver GRAPHALLOY Brushes. (We 
tions, the extraneous circuit noise level will develop and manufacture your “| 
must be kept below the signal level. complete assembly!) Commutators and :* L 2 ms) 
Since Silver GRAPHALLOY Brushes, in choppers for the production of square L < _ my 
combination with Coin Silver Slip wave signals or for pulse systems can , 
Rings, reduce the extraneous noise be manufactured to meet your circuit 135-18 &&e 
level to extremely low values, they have requirements. 135 -10 
135-4 i 
GRAPHALLOY CONTACTS GRAPHALLOY BUSHINGS Cs Y— 
GRAPHALLOvY, because of its inherent non-welding With military requirements demanding operation 
and arc-quenching characteristics, is used widely from —S8O0° to +200° F., GurapHacoy Bushings, 
for contacts especially where positive break- which are inherently oilless, have been used suc- 
ing of a circuit is required cessfully i potentiometers, synchros, cameras, Our Engineering Department 
and missiles. Properly designed GRAPHALLOY will develop or 
Bushings will take considerable shock (50 g 
They have replaced oil-lubricated bushings for assist you in deve 
the following reasons special component 
1) Lower friction at room temperatures and 
2) No oil to solidify at low temperatures 
No oil to carbonize at prolonged 
elevated ‘temperatures 











GRAPHITE METALLIZING CORPORATION *°"\onxers, ny. 
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problems? DARIO Cu Si 


Control at slow speeds is possible with DAZIC direction P 2000 SERIES 
and zero indicating contactors. They operate at shaft 
speeds as low as 4 RPM. Standard models can be driven 
at speeds ranging through 5000 RPM, at temperatures 
from —20°F to +-250°F. Wide performance range makes 
DAZIC ideal for DIRECT control — eliminating the need 
for complicated speed reduction hook-ups. 

Compact, “sealed-in” design and rugged construction 
permits use of DAZIC zero speed switches in confined 
areas and under difficult operating conditions. 





Applications of DAZIC include: 1000 SERIES 


Use as conveyor controls and interlocks. 





Operation of braking equipment. 
Adaptation as plugging switches 
To indicate shaft rotation 

To indicate direction of rotation 


To indicate faulty operation of any rotating parts on remote or 
inaccessible equipment 


To prevent reverse power being applied to a motor until 
complete stop has been made 


To indicate number of equipment starts and stops (in conjunc- 
tion with counting devices.) 


2100 SERIES 


JVAKU i a1 iU P ATU 


Low Speed Control Indicates Adapts as AMP. Ratings 
Model Speed Shaft Zero Plugging No. of 
No. Acceleration Loss Rotation Direction Speed Switch Contacts} 110V. A.C. | 220V. A.C. 


1020 4 RPM 
1030 4 RPM 
1050 4 RPM 
2020 15 RPM 
2030 15 RPM 
2120 10 RPM 
2120-A* RPM 
2130 RPM 
2130-A* RPM 


RPM Yes No Yes Yes 
RPM Yes Yes Yes No 
RPM Yes Yes Yes No 
RPM Yes Yes 
RPM Yes Yes No 
RPM Yes Yes 
RPM Yes Yes 
RPM Yes Yes 
RPM Yes Yes 


5 25 
5S .25 
a 25 
10 
10 
10 
10 
10 
10 


oO} o>] &/| | CO] CO] Ww] Wi! PhS 
NT Nl |e ml |wlnpl- 


DIMENSIONS MANY VARIATIONS OF THESE MODELS ARE 


| Series| Overall Dimensions Body AVAILABLE, INCLUDING ADJUSTABLE FEATURES 
No. | Height ; Width} Length iam. : Mount Material SEND FOR COMPLETE DETAILS 








| 


| 1000 | 3%" | 4” a " | Horizontal Plastic 


2000 | 3%" | 3%"| 5S” A. Any Position| Metal 
2100 | 3%" | 4¥e" | 7%" we Oe Any Position| Metal 

Cast metal and sheet metal protective housings can be provided with CZ) 
1000 series. <7 






































WINTERBURN manuracturine comPANY + P.0. BOX 386. PUTNAM, CONNECTICUT 
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All-ceramic and metal, close 
control rheostats for unsur- 
passed dependability and 
smoothness of operation. Ten 
stock sizes, 25 to 1,000 watts. 


Five compact models, 10 to 
100 amperes, AC, up to 12 taps. 
All-ceramic and metal con- 
struction. Silver-to-silver con- 
tacts, with self-cleaning rotor. 


\ wide range ol dependable, 
fixed, adjustable, tapped, and 
non- inductive, power wire 
wound resistors. Also a wid 


range of precision resistors 


Single layer R. F. plate chokes 
on 


and power line chokes, 
Ssteatite or plastic cores. Pro- 


tected by a special moisture- 


resistant coating. 


Be Right with OMMITE 


OHMITE MANUFACTURING COMPANY 
3612 W. HOWARD STREET, SKOKIE, ILLINOIS 
(suburb of Chicago) 
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htt te a ee 


WHITNEY BLAKE 


FOR POWER SUPPLY 
AND ELECTRONIC 
APPLICATIONS 


Over a half-century of experience in the wire industry ...a 
development laboratory constantly searching for improved 
materials, better constructions . . . the finest equipment for 


extruding rubber, neoprene, polyvinyl chloride, polyethylene, 


nylon, and other insulating materials . . 


. highly skilled workers 






MULTICONDUCTOR COMMUNICATIONS CABLES 


in a wide range of conductor sizes. Shielded or unshielded, 
multiconductor or multipair types with a choice of insulat- 
ing and jacketing materials 






MICROPHONE CABLES 


with neoprene jackets 





ATLANTA, GEORGIA 


CORD and CABLE 


FEATURE ADVANCED DESIGN 
PROVIDE LONG 
DEPENDABLE SERVICE 





. @ rigid quality control system . . . all combine to assure 


you that Whitney Blake cord and cable are the best available. 


We are prepared to help solve your cord and cord set engineer- 
ing problems as well as to furnish a wide variety of products 


under the following general classifications. 





COAXIAL AND TWINAX CABLES 


for high frequency applications 


Army-Navy approved RG types 





SOUND SYSTEM WIRES 


with rubber, 


Plastite® or textile insulation 


Slit Covel 


power supply. Listed by Underwriters’ Laboratories. 


neoprene jacketed cord and rubber jacketed cord for 


CORD SETS custom built to your specific requirements 

Using either standard cordage or cord designed to fit your particular applica- 
tion, Whitney Blake can fabricate regular line cords or special purpose cords 
having attached or integrally moided rubber or Plastite f ttings 


Koiled Kords 


Retractile cords for power supply or communication uses. Standard Under- 
writers’ types and special shielded multiple conductor types including nineteen 
conductor cable. (Manufactured by Whitney Blake Company and sold through 


Koiled Kords, Inc.) 


Contact our representative in your area for additional information and help 


with your wiring problems. 





WHITNEY BLAKE 


SALES OFFICES 


KANSAS CITY, MISSOURI 
213 W. 75 


Tele; hone 


th 


Street 
Emerson 


4900 


1447 Peachtree St., N. E 
Telephone: Emerson 2683 


LOS ALTOS, CALIFORNIA 


San Francisco Area) 
Box 1362 
Telephone: Whitecliff 8-2122 


CHICAGO 172, ILLINOIS 
3145 Carroll Avenue 
Telephone: Van Buren 6-0020 
TWX:CG 1708 


LOS ANGELES 49, CALIFORNIA 
12243 Shetland Lane 
Telephone: Arizona 9-070} 


CLEVELAND 16, OHIO 
19115 Detroit Road 
Telephone: Edison 1-7737 


PHILADELPHIA 10, PENNSYLVANIA 
1541 Land Title Bldg 

100 South Broad Street 

Telephone: Rittenhouse 6-4067 








107 PERSHING 


STREET 


NEW HAVEN 14, CONNECTICUT 


Telephone: Chestnut 8-5515 TWX: NH84 





(e WHITNEY BLAKE CO. 
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THERMOCOUPLES 
Revere manufactures all types of 
thermocouples for aircraft and , 
industrial applications such as 
Moulding Presses, Oil Tempera- 
ture, Cylinder Head Temperature, 
Fire Detection Systems, etc.; in 
lron-Constantan or Chromel- 
Alumel. 


THERMOCOUPLE* WIRE 
Stranding, wrapping, twisting 
and asbestos serving equipment 
enables Revere to produce ther. 
mocouple wire with cotton, glass, 
stainless steel, tinned copper 
and silver plated copper in ac- 
cordance with AN and MiL 


HARNESSES Specifications. 


Flexible, semi-rigid, and rigid 
harnesses are custom-made by 
Revere for virtually all aircraft 
engines and test stand opera- 
tions and for many industrial 
uses. Submit your special har- 
ness application today. wr 




























accurate 
temperature readings 
contact bliss | 


..your dependable 









a 


CONNECTORS 


fe 


Thermocouple Adapters, Termi- source of SU ] EXTRUDED PLASTIC WIRE 
nals, Fire Wall Connectors and A new high temperature thermo- 


Resistors are manufactured in 


plastic insulation extruded over 


accordance with AN-5540-2 and wires of all types, developed for 
AN-5541-1 specifications. All are use in hermetically sealed equip- 
ruggedly constructed to guaran- SEND FOR FREE BULLETINS! ment or hot wiring jobs. Avail- 
tee long life under hard usage. able in 14 colors. 
Accuracy—dependability—tong life are three necessary Revere's modern plant is capably staffed and equipped to 
attributes of temperature measurement equipment. On all offer complete and efficient service to all your temperature 
3 counts Revere products have established unsurpassed measurement requirements. Many standard stock items are 
performance records. Recognition of their quality by the available for immediate shipment. Special orders can be 
government and industry has made Revere one of the handled without delay. For more detailed information write 
foremost producers of thermocouples, thermocouple wire, to Revere Corporation of America, Field Engineering, Dept. 


harnesses, plastic-insulated wire, and accessories! 1, North Colony Road, Wallingford 2, Connecticut. 





REVERE CORPORATION OF AMERICA 


WALLINGFORD 2, CONNECTICUT, U.S.A. 


precision instruments for aircraft and industry 
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improve vour controls... 


ICKERS 
Magnetic Amplifiers 





























a) 
K. more than 20 years, Vickers engineers have pioneered in 
developing and producing magnetic amplifiers. The superior 
design and performance of Vickers amplifiers—manufactured 
in production volume for five years—are demonstrated in 


thousands of functioning systems. 





For custom amplifiers, Vickers engineering and manufacturing 
experience minimizes design and production time and cost. 
If you are seeking improved controls, you, too, may find that 
the solution already exists in Vickers design experience, or 


in the more than 100 Vickers Standard Magnetic Amplifiers. 


Standard amplifiers range from milliwatts to kilowatts in the following categories 


VICKERS HIGH PERFORMANCE SERIES STANDARD volt single phase, or 240-volt three phase. 
AMPLIFIERS, for applications demanding optimum per- 


formance, have the greatest power gain with shortest 


VICKERS STANDARD HIGH POWER AMPLIFIERS, for 
response time. High Performance Standard Amplifiers high power applications, provide lowest cost-per-watt 
output. Amplifiers operating from 60 evcle power sources 


of 120, 240, or 440 volts, single phase, or 240 volts, three 


> 


are available up to 108 watts for 60 cycle power—and 


up to 385 watts for 400 « ycle power. 
phase are available. 


VICKERS HIGH GAIN STANDARD AMPLIFIERS serve = ViCKERS LOW SIGNAL LEVEL STANDARD AMPLIFIERS 


intermediate power level applications with lower cost operate with control power as low as 10-'° watts. They 
per watt output in the 1.5 to 1100 watt range. In this are suitable for low-level sources such as thermocouples 
range, amplifiers are available for 60 cvcle power, 120- and photocells. Gain and balance are adjustable. 


Learn how Vickers Magnetic Amplifiers can solve your control problems. Detailed information, 
specifications and engineering assistance will be promptly provided upon request. 


Pioneers in Magnetic Amplifier Development 
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new... 


Soreng “Standard” Solenoids 
Deliver Unmatched Quality— 


Save Money! 


Occasionally, manufacturers have requested a 
particular modification of a Soreng solenoid design 
on unusually short notice. Because, in the past, 
we carried no finished solenoid stocks, we were 
sometimes unable to fill such orders. However, the 
new Soreng “Standard” Solenoid alleviates this 
problem. 


Hew The “Standard” Meets Your Specifications 
The four basic solenoid types shown here provide 
twelve sets of characteristics. When you give us 
the specifications of your design, our engineers can 
quickly recommend the combination of type, duty 
and voltage necessary to do the job. 

The standard units have all the exclusive fea- 
tures of any Soreng custom designed solenoid .. . 
more pull where needed, double shading coils, quiet 
operation, retained uniform characteristics, and a 
life equal to the product in which they are used. 

How The “Standard” Saves Money 
Of course, savings are always possible through 
standardization. And, in this particular case, the 
savings are two-fold. First, rising costs have been 
minimized so that first cost is held down. Secondly, 
with little or no lead time required, you can lower 
your investment in a parts inventory. 

This gives you some idea of the tremendous pos- 
sibilities of the Soreng Standard Solenoid. For 
more complete information, power curves, dimen- 
sions and electrical characteristics, write for Bul- 
letin CF-124. 


Bulletin CF-124 } 
Drawings, Power Curves, Technical Data | N 


j 


a 
EN 


en | 
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———— 





ePRODUCTS CORPORATION 
9573 Soreng Avenue, Schiiler Park, Illinois 
Plants: Schiller Park, Ill. « Fremont, Ohio * Spring Valley, II! 
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Type 12100 


Type 12130 
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Type 12800 


COMPLETE 
CIVILIAN LINE 


Exceptionally good delivery cycle on 
civilian orders due to tremendous 


mass production facilities. 





TYPE GC-45, 15/16” diameter variable 
compesition resistor. Wattage roting: 
1/2 watt for resistances through 
10,000 ohms, 1/3 watt for resistances 
over 10,000 ohms through 100,000 
ohms, 1/4 watt with 500 volts maxi 
mum across end terminals for resist- 
ances over 100,000 ohms. Available 


REPRESENTATIVES IN CANADA 


Henry E. Sanders C C. Meredith & Co 


McClatchy Bide Streetsville, Ontano 
69th & Market St 
Upper Darby. Penna 
Pilond. Flanders 2.4420 SOUTH AMERICA 
Jose Lurs Pontet 
Buenos Aifes Argentina 
Ww" S Harmon Company Montevideo Uruguay 
1638 So La Crenega Bivd Rio de Janeno. Braz! 
Los Angeles 35. Califorma Sao Paulo, Braz! 
Phone Bradshaw 2 3371 


OTHER EXPORT 


john A. Gteen Company Sylvan Ginsbury \ 


6815 Orvole Drive 
Dallas 9. Texas 


8 West 40th Street 
New Yore 18, NY 


TYPE GC-252, 2 watt, 1 17/64" diam- 
eter veriable wirewound resistor. 
Available with or without illustrated 
attached switch cnd in concentric 
shaft tandem construction C2-252 
as shown obove. 


TYPE GC-25, 4 watt, 1 17/32" diem- 
eter variable wirewound resister. 
Avcilcble with or without illustrated 
attached switch and in concentric 
shoft tandem construction C2-25 as 
shown above. 


























COMPLETE 
MILITARY LINE 


Immediate delivery from stock on 189 
types including JAN-R-94 and JAN-R-19 
types of variable resistors. 









Type RV2) 
1/4 watt, 15/16” diameter vori- 
able composition resistor. 
Also available with other 


TYPE 35, (JAN-R-94, Type RY3) 

1/2 watt, 11/8” diameter vori- 

able composition resistor. 

Also available with other 
militoery 





construction. Attached switch 
can be supplied, 

TYPE 90 

1 watt 70°C, 15/16” diometer vari- 
TYPE 252, JAN-R-19, Type RA20) chlo cumpodiien resiiter, Attediod 


switch con be supplied. Also avail- 


2 wott, 1 17/64" diometer able in concentric shaft tandem 


resistor. 
Also available with other 





ing concentric shaft tandem Spocially designed for military commuri- 

construction. Attached switch cations equipment subjec! to Sens 

can be supplied. temperature ead humidity ranges. 
-53°C te + 150°C...aridity to saturation. 

TYPE 25, (JAN-2-19, Type RA30) 

(May alse be esed as Type RAS) 

4 wott, 117/32" diemeter 

voriable wirewound resistor. 


Also avoailoble with other 
special military fea-ures not 
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CHICAGO Ne mdate SUPPLY 
Corporation 





ELKRART « INDIARA 








IF THE WIRING i 























SO DOES YOUR 
PRODUCT’S REPUTATION 








FOR DEPENDABLE PRODUCT WIRING USE 


Wire Sysrems 


For over 10 years, Unilectric 
has been wiring headquarters 
for the nation's electrical and 


electronic manufacturers. 


Investigate This Proven 


Cost Saving Service! 


VuLecTRIG Wire Sysrems 


TRAOE - MARK 


MANUFACTURED BY 


UNITED MANUFACTURING & SERVICE CO. 


421 SOUTH SIXTH STREET 
MILWAUKEE 4, WISCONSIN 





% 
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YCLO-MONITOR 


CIRCUIT 

















CONTROLLING PRE-SET COUNTERS with 


Instantaneous Automatic Reset 


WHAT CYCLO-MONITORS DO: 


1. Count revolutions, strokes or electric impulses (standard models 
available for each type of operation). 


Transfer the switch when a pre-set count is reached. 


3. Hold the switch in the transferred position for a pre-determined 
count—momentary or dwell—without interruption of the count- 
ing process. 


4. Return the switch to its normal position. 


Repeat this cycle continuously, without re-setting or checking. 


The Cyclo-Monitor determines not only when the 
switch will transfer, but also how long the switch will 
remain in the transferred position. Any Cyclo-Monitor 
can close an open circuit, open a closed circuit, or 
simultaneously close one circuit and open another 
when the desired count is registered. 


WHERE CYCLO-MONITORS ARE USED: 


Automatic Reversing Marking Lots Shear Control 
Measuring and Cut-Off 


Metering Control 


Batch Counting Sheet Counting 


Box-Making Machinery Signal Control 


Coil and Armature Motor Control Slide Fastener 





RESETS INSTANTLY ON COMPLETED COUNT 


All motion at the drive shaft is registered in the count. The 
patented reset operates with absolutely no time lag, pause 
or lost motion—regardless of speed—for either continuous 
or intermittent operation. 


























Cyclo-Monitors are more than counting devices. They are 
electric circuit controls that operate on a predetermined 
count which will repeat automatically. Adjustment for a 
desired count is made easily and quickly. 

After the desired setting has been made, the automatic 
reset feature allows the operator complete freedom from 
count worries. There is nothing to watch during the run. 
There are no interruptions between cycles for count 
reading, checking or manual reset operations. The elec- 
tric circuit takes over and produces the desired results 


WRITE NOW FOR 


Winding 
Container Filling 
Depth Control for Drilling 
ond Tapping 
Instrumentation 
Intermittent Conveyor 
Control 
Life Cycle Testing 


Packaging Machinery 

Paper Converting 
Machines 

Printing Machinery 

Punch Press Cut-Off 

Relay Control 

Resistor Winding 

Roll Sizing 


Gop Spacing 
Slip Sheeting 
Solenoid Control 
Speed Control 
Spooling 
Spring Forming 
Textile Machinery 


Timing 


and All Kinds of Production Mochinery Operating on a Repecting Pre-Selected Count 
+] .] 


with the count “built-in” to the operation. The functions 
of motors, relays, solenoids, signals, etc., can be ac- 
curately and automatically governed by means of these 
time-saving controls. 


Through Cyclo-Monitors, many machines and processes 
can be greatly simplified by the elimination of change 
gears, complicated cam systems, awkward mechanical 
stops, intricate control circuits and the like. Moreover, 
set-up time for any desired cycle sequence can be reduced 


to a very desirable minimum. 


BULLETIN 202A 


COUNTER and CONTROL CORPORATION 


Pee Foe ts. te aie Be Fe 
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Ucinite Electrical Assemblies 


»d | for 


BATTERY CONNECTORS 
>» BE 


i lela Ge leit), bs) + 


several sizes 


Offered in 
brackets and durometer of 
rubber bushings can be varied 
With threaded Teenuts or plain 
lated versions if 


bushings. Insu 


needed 


4 TUBE CAPS 


Positive gripping, heat treated 
steel springs in corona resistant 
Insulated or 


metal housing 


non-insulated. Wired to spe 
fications Type 


shield for special ap 


shown has 
siicon 
plication 


SWITCHES . 


manufac 
Variety of 
Dutton 


Oak 


tured as a licensee 


type switches 


rotary and push 


semblies to specifica 


METAL STAMPINGS ' 


Metal 


Years of engineer 


Volume production in 

stampings 

ing and tooling skill available 

to solve your particular prob- 
s 


lem 


The UCINITE Company 


DIVISION OF UNITED-CARR FASTENER CORP. 


Newtonville 60, Massachusetts 


Four sizes « 3s with 
opper sp 
P Nolet ehicleli-] nting 

dala celel te) 


piece beryllix 


iiel slate Mmels 


types similar Mating 


also o able 


ANODE CONNECTORS * 


Plug button contacts for p 
tive, firm connections. Cor 
resistant neoprene or sili 
shields in straight or fr 
types Wirir 
tomers specification 


angie 


‘ TUBE SOCKETS 


Ceramic octals and 


types Ring or saddie 


ing. Open ended pla 
shock mounting with 


grommets. J AN types 


SNAP SWITCHES 


7 Y 
Precision, momentar ntact P 
push-button switches y 
and dependable. S rol cw 
c r nents W oter t ght \ 
A 


4 POINTERS 


Slide pointers Two 


adjustable to var 
ails and adc 


folta@ehic amel Silela) 
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SEE SEALTRON FOR SEALS 


> > GLASS-TO-METAL 
HERMETIC SEALS— 


ALUMINA World’s most complete line—over 1600 


types and sizes, some small enough to be 
(CERAMIC) SEALS— mounted on %” centers. Protect vital MULTIPLE HEADERS— 


Metallized—ready for soldering. Ex- electrical assemblies from moisture, atmos- 
tremely resistant to mechanical and pheric changes, corrosion, dirt, leakage. 610 types always available—wide range of 
thermal shock—meet top military Also used as feed-through and stand-off styles, shapes, pin arrangements. Can be 


specifications. Feed-through types. terminals. incorporated into any panel or chassis re- 
quiring multiple connections. Fit standard 


receptacles. If required our engineers will 
design and build specially. 


Sealtron will solder seals 
into your assemblies, will 
guarantee hermetic perfection. 
Our technicians -build to your 
specifications—eliminate your spe- BUILT INTO 
cialized operations, cut down overhead, MULTIPLE HEADERS 
release key personnel for other work. Sealtron welds flexible lead wires right into 
Here's Complete Seal Assembly Service multiple headers. Eliminates difficult 
1. We stamp or form brackets and panels. paren a — Se 
Sealtron “Built-in” leads meet AN specifi- 
2. We solder, weld, or braze seals. Mount studs, cations, eliminate space-taking mechanical 
inserts, brackets—all components—into com- attachments required with soft-soldered 
plete package.” Ready-to-use. leads, takes up as little as 4%” on back 
3. We supply feed-through or stand-off seals. of panel. 


a —--- a - At. 








METALLIZATION “Send for our new 


Metallized glass and ceramic J easy-to-use 
windows, tubes, discs, rods, / — catalogue-brochure 


coil forms—for use in her- 7 today and remember— 
metically sealed units. Built 


- x Sealtron protects 
to your specifications—ready : y 


for soldering. sensitive parts.” 


U 
yt Z 
{i 


Cv 


Our engineers are always ready to help you with design 
problems, will develop special seals, seal assemblies, 
metallized units to suit your needs. 


THE SEALTRON COMPANY 
9701 READING ROAD e CINCINNATI 15, OHIO 
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“ a sf “| 
Tuttle” of ADRIAN Ze 


Specialidla in Development, Design 
and Production of Heating Elements 
for all types of Electrical Equipment 


MAJOR AND SMALL ELECTRONICS 
APPLIANCE DIVISION DIVISION 
oe 
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Wes $k | 
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H. W. TUTTLE & CO. . ADRIAN, MICHIGAN 


SYMBOL OF QUALITY 


* Tattle” of ADRIAN 
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solve remote control problems! 





















The many production applications of Ledex 
Rotary Solenoids vary from the dependable, 
snap-action tripping of airborne bomb releases 
to the actuation of rugged, hydraulic valves in 
heavy duty materials handling equipment. These 
compact, powerful, shock resistant Solenoids are 
manufactured with diameters from 1% to 3% 
inches. Predetermined rotation up to 95° can be 
engineered to suit your product's requirements. 
Starting torques for 45° stroke range from “% 
pound-inches to 50 pound-inches. 

Ledex Rotary Solenoids operate on direct cur- 
rent and are adaptable for various types of 
power take-offs, mountings and dust covers as 
illustrated at the right. 

We supply to quantity users and solicit the op- 
portunity to be of assistance in engineering a 
Ledex Rotary Solenoid to meet your product's 
requirements. 


the armature along the 
solenoid oxis. This o 
tion is converted into a 


rotary motion by means 
of ball beorings on in 
clined races 





MODEL NO 2 3 5 6 ? 8 
Diameter Vg) VK Vg 24" | 294" | I% 
Torque !b./inches*| '/, } 5 10 | 25 50 


} ; ! 
Weight lbs A 4 ! 2/4 | 4, 





TEDEX circuit selectors and 
stepping relays give remote control 
for multiple complex circuits. 


Ledex Circuit Selectors and Stepping Relays can 
be remote controlled, are Rotary Solenoid oper- 
ated, have positive detent action and are self- 
stepping or external impulsing. Many versatile 
designs of stepping, counting, adding and sub- 
tracting, latching, and circuit selecting relays are 
made possible by the combination of the Ledex 
Rotary Solenoid and wafer type rotary switches. 
Self-stepped or externally impulsed, the device 
is immediately adaptable to many remote control 
applications. A choice of wire sizes permits a 
wide range of operating voltages and power re- 
quirements. Various types of mountings further 
increase its adaptability. In addition to its posi- 
tive control of multiple, complex circuits, a re- 
serve of mechanical power is available for the 
performance of many duties other than switch- 
ing operations. 


Write today for complete information on Ledex 
Rotary Solenoids and Ledex Circuit Selectors. 











123 WEBSTER STREET * DAYTON 2, OHIO 
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WIRE-CABLES-TUBING 


























Coaxial Cables—Surco” coaxial cables include a wide 
variety of types, such as low capacity, extra flexibility, 
small diameter, microphone 2 conductor, and high tem- 
perature ‘Teflon’. Conform to Military Spec. Jan-C- 
17A. Many special designs. If you have a coaxial cable 
problem consult us. 


Miniature Wire & Cable—"Surco” miniature wire and 
cables are made in conductor sizes down to No. 32 AWG 
in stranded and solid. Close control in manufacturing per- 
mits small finished diameters on both single and multi- 
conductor cable. Available in standard colors with and 
without nylon jacket or shielding in the various vinyl or 
polyethylene compounds. 


“Surfiene" Insulated Hook-up Wire—"Surflene”, 
extruded monochlorotrifluoro-ethylene, has excellent resist- 
ance to heat, abrasion, and most chemicals, including 
nitric acid. Having high dielectric strength and insulation 
resistance, it is especially useful in totally enclosed ap- 
plications with continuous temperatures up to 135°C. 
“Surflene” is available in 15 solid colors and wall thick- 
nesses down to 0.008”. “Spiralon” colors presently under 
development. 


Multi-Conductor Cables—'Surprenant” multi-conduc- 
tor cables are available with conductor sizes from No. 32 
AWG and larger, with or without nylon jacket or shielding 
and can be made to specification for special design and 
applications. Close tolerances permit unusually small over- 
all diameters and ‘‘Spiralon” color coding permits easy 
identification even when hundreds of conductors are 
involved 


New Improved Aircraft Wire—Surprenant new light- 
weight, smaller diameter MD wire-(vinyl-glass braid-nylon) 
and the standard Surprenant sandwich construction (vinyl- 
glass braid-vinyl-nylon) give excellent overload safety, 
high and low temperature performance, good electrical 
properties and have a nylon jacket giving greater re- 
sistance to abrasion, fungus, moisture, hydraulic and other 
oils (nylon braided jacket on sizes 10 AWG and larger 
for greater flexibility) and are made to conform to Mil- 


rnin-watt Toh bon 
(210°C) 


INSULATED 
Hook-uP WIRE 











W-5086. “Surprenant” also offers nylon jacketed- poly- 
vinyl-chloride construction made to conform to Military 
Spec. AN-J-C-48A. 


“Spiralon"—"Surco-Spiralon” color coding is available 
on all vinyl, polyethylene, and nylon insulated wires, with 
or without nylon jackets. One, two, or three color stripes 
are available in the standard Nema colors providing 
almost unlimited color identifications. 


Solid color insulation is also available in the 10 standard 
Nema colors. 


“Surco™ A-10 For (105°C) Hook-up Wire—A-10 is 
an unusually high grade vinyl insulating compound devel- 
oped in ovr own laboratories for a better hook-up wire. 
It has excellent resistance to deformation, soldering, high 
temperature, low temperature and aging; high electrical 
properties; Underwriters Lab. approved for continuous 
operation to 105°C without fibrous covering. A-10 in- 
sulated wire made to conform to MIL-W-16878. 


JAN-C-76 Hook-up Wire—Made to conform to Mili- 
tary Spec. (WL-SRIR-SRHV-SRRF) in all sizes. WL available 
with nylon jacket or glass braid. The nylon jacket has 
greater abrasion resistance and high surface resistivity 
under adverse conditions. SRIR-SRHV-SRRF available with 
primary insulation only or with the addition of a glass 
braided covering. All standard colors including “Spiralon” 
spiral striping. 


“Surco" Tubing—"Surco” vinyl tubing is available in 
special formulations to provide low temperature (—65°C), 
high temperature (U.L. approved for 105°C), high dielec- 
tric strength, flexibility and colors. Standard compounds 
are carried in stock in regular sizes. Polyethylene and 
nylon tubing are also available and are carried in stock 
in natural color, limited sizes. 


MIL-W-5274A Radar & Electronic Hook-up Wire 
—Made to conform to Air Forces Spec., this wire offers 
excellent low temperature performance. Nylon jacketed, it 
has high abrasion resistance and superior surface resistiv 
ity even under adverse humidity conditions, making it very 
adaptable for high impedance circuits. 


Extruded Thin-Wall Tefion Insulated (210°C) Hook-Up Wire—Continv- 
ously operable over the range from-90°C to 210°C without appreciable deteriora 
tion, extruded “Teflon” (polytetrafivoroethylene) is now available in walls as thin 
as 0.010” (type WTE) and 0.015” (type RTE). Teflon combines non-flammability, 
chemical and solvent resistance, high volume and surface resistivity with extremely 
low electrical losses. This wire is available in all flexible strandings from AWG 30 
to AWG 10 and conforms to performance requirements of MIL-W-16878. Colors 
conform to MIL-STD-104. 








“ Engineered Wire and Cable for 


the Electronic and Aircraft\industries * 








MFG. CO. \ 


ST, BOSTON 8, MASS. Plant CLINTON, MASS. 
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Ward Leonard Electric Controls 


FReulE- E xgnecred for Superior Performance 

































RH OSTATS New Bulletin 1110 viTRoHM Ring Type Core and base, molded of finest ceramic 
“ 
Ring Type Rheostats assure the utmost in dependabil materials, are bonded together by vITROHM 


ity, accuracy, and long service life, in both enamel. Special alloy resistance wire is 


fixed and variable current control applica- toroidally wound on core and held perma 
tions. nently secure by enamel. Design of drive 
Newly designed for use in electronic, in- shaft and contact arm eliminates backlash 





dustrial, and other equipment where smooth, assuring uniform contact pressure and 
gradual resistance change is essential. smooth operation 


Ratings 
25 watt rings from 1 to 2500 ohms 50 watt rings from 1 to 7500 ohms 
Based on 300°C rise in 40°C ambient in accordance with NEMA and U.L. Inc. standards 
Standard Resistance Tolerance 
-+-20, —10 percent 


Write for ViTROHM Rheostat Bulletin 1110 





Ward Leonard makes an extensive line of to assure proper action of the magnetic cir 
a.c. and d.c. magnetic relays for automatic cuit and effective transfer of electrical energy 
control, including heavy duty, intermediate, to the circuits which the relay controls 
midget, timing and sensitive types. Contacts are capable of handling their loads, 

All Ward Leonard relays are service- with ample provision for overload. All 
tested and proved under the most critical parts are insulated for protection against 
operating conditions. They are extra rugged _ high voltage. Metal parts are of corrosion 





to insure positive action and to prevent dis resisting material or plated for protection 
lodging of parts by electrical or mechanical against corrosion 
shock. They are built on molded Bakelite or Ease of installation and service are care 


metal bases with all essential parts locked fully considered in each design. At the same 

in position by the most practical, effective time, compactness is achieved throughout, 

method in keeping with electrical and mechanical 
Every part mects exacting specifications requirements 








Write for Ward Leonard Relay Catalog 





RESISTORS 


To meet industries’ latest demands for Vitreous enamel coating and ceramic 
VITROHM resistors, new styles, types and cores are formulated and made by Ward 


y- sizes are constantly added to Ward Leonard's Leonard, wire is drawn to their specifica 
already broad resistor line. Complete, up-to tions. This means that all parts are uniform 
the-minute information on stock and made in quality, balanced in respect to thermal 
to-order VITROHM resistors is now available coefhicient of expansion 

S in Ward Leonard’s new VITROHM Resistor The ‘‘result-engineered” features of Ward 
f Catalog No. 15 Leonard VITROHM resistors have made them 
> All components of every VITROHM r¢ universally accepted as a measure of quality 
sistor are made by Ward Leonard, the only by designers, engineers, manufacturers, and 
se manufacturer who makes, not just assembles, scientists 


all parts 


Write on your business letterhead for new VITROHM Resistors Catalog No. 15 


WARD LEONAR Mf 
aNine td - esaeiert , Gi. 


28 SOUTH STREET, MOUNT VERNON, N. Y wee Leoease 
, ’ . . 


FR eeal0- Engineered Cortera Since 1892 


RESISTORS © RHEOSTATS © RELAYS © ELECTRIC CONTROLS © CHROMASTER 

















MOTOR CONTROLS 





Full line of a-c and d-c Ward Leonard motor starters 
and controllers, magnetic contactors and control acces- 
sores. 


Write for Ward Leonard Motor Control Catalog. 





DIMMERS 





Resistance, auto-transformer and reactance type dim- 
mers for theatre, auditorium, studio lighting control. 
Write for Ward Leonard Dimmer Bulletins 71-76. 





RHEOSTATS-—Plate Type 


CHROMASTER 





Complete line of Ward Leonard viTROMM pressed steel 
plate type rheostats meets every requirement. 

Ward Leonard field rheostats are offered in several mul- 
tiples of field resistance values to meet various operating 
conditions. They are designed for a straight line relation 
between the steps of the rheostat and the field current. 

VITROHM rectangular contact rheostats have been de- 
veloped where a finer degree of control in electrically 
ope rated equipment is necessary. 

Write for Ward Leonard Rheostat Bulletin 60a. 








CHROMASTER is the new, simplified industrial chrome 
plating process for increasing life of cutting tools and 
wear parts three to ten times. 

CHROMASTER plating units with built-in power supply 
are available in 20, 50, 250 amp and larger sizes. Chroma- 
sol, an economical, non-critical chrome solution, plates 
directly on industrial steels, cast iron, and most non- 
ferrous metals. 

Write Ward Leonard for complete CHROMASTER details. 


, WARD LEONARD ELECTRIC COMPANY 


———s 28 SOUTH STREET 
MOUNT VERNON, NEW YORK 





RESISTORS © RHEOSTATS °*® 





FR esul0- Engineered Conitiols Since 1892 


ELECTRIC CONTROLS ° CHROMASTER 














Send for this Azce SAMPLE FOLDER... 
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different Test Samples of 
high-dielectric 


INSULATING 
TUBING and SLEEVING 


INCLUDES SAMPLES AND DESCRIPTIONS OF 
THE FOLLOWING... 


VARGLAS SILICONE Class H insulating materials were 
pioneered by our Laboratory. Retain flexibility, electrical 
properties and mechanical strength in temperatures ranging 
from —85°F. to 500°F. Available in tubing, sleeving, lead 
wire, tying cord. 


PERMAFIL-IMPREGNATED VARGLAS TUBING Fiberglas 


VARFLO TUBING AND SLEEVING Vinyl-coated Fiberglas in 


full range of sizes, colors and grades. Extremely flexible 





with excellent heat aging qualities. Low priced. 


VARFLEX COTTON TUBING AND SLEEVING 
quer impregnated — for applications where MIL-I-3190 
Class A materials are specified. All NEMA grades. 


Varnish or lac- ‘ 


SYNTHOLVAR EXTRUDED TUBING Made in various stand- 


braid coated with General Electric’s Permafil resin. Ex- 
tremely tough, resistant to solvents and elevated tempera- 
tures, highly flexible. Can be bent or twisted with little or 
no loss of dielectric strength. Coils and standard 36” lengths. 


ard formulations of vinyl polymers. Has high dielectric and 
tensile strength—will not support combustion nor absorb 
moisture. Type EG Approved under MIL-I-631A. Several 
others to meet special requirements. 


VARGLAS SLEEVING AND TUBING Numerous types and 


grades—including synthetic-treated, varnished, lacquered, 








saturated, litewall and others. 


VARGLAS NON-FRAY SLEEVING Fiberglas braid normalized 
to remove all organic impurities. It will withstand tempera- 
tures up to 1200°F. Recommended where dielectric prop- 
erties are not paramount. Three types available. 


NEW! VARGLAS SILICONE RUBBER SLEEVING AND 
TUBING—the culmination of 5 years of research—for 
applications requiring extraordinary flexibility. De- 
tails on request. 






MAIL COUPON TODAY FOR SAMPLES! 


VARFLEX CORPORATION, 
312 N. Jay St., Rome, N. Y. 


Please send me free folder containing samples of your electrical 
sleeving and tubing. 







1 am particularly interested in insulation for: 


CORPORATION 


Makers of NAME 
Electrical Insulating COMPANY 
Tubing and Sleeving STREET 
>a ZONE STATE 


be ee 
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This compact, electro-mechanical controller provides sensi- 
tivity, speed of response and system stabilization under severe 
operating conditions. Its design and operating features have 
made Regohm useful for automatic control systems in which 
heavier, more expensive and complex, but less accurate 


equipment had previously been the only available solution. 
july I 


(i) SMALL SIZE - Regohm is a compact, plug-in device; light- 
weight, extremely rugged and position-free. The unit’s small 
size does not limit its power-handling capacity. This makes 
Regohm a “natural” where economy of space and weight 
are your major considerations. 


(2) POWER AMPLIFYING - Regohm is a high-gain electro-me- 
chanical power amplifier. Milliwatt variations in signal 


energy can control energy changes millions of times greater. 


Gs) IMPEDANCE MATCHING - Signal and controlled circuits are 
isolated, both electrically and structurally. Signal coils may 
have ratings from 0.01 to 350 amperes. Controlled resistors 
on a panel in which Regohm is plugged, can have values from 


zero to infinity, depending on the controlled system 


(4) SYSTEM STABILIZING - A thoroughly reliable, sturdy dash- 
pot aids in system damping. It can easily and readily be 


adjusted over a wide range to match the dynamic character- 


REGOHM 














— CONTROL COMPONENT IN: Servo systems + battery chargers * air- 


7 Reasons why 


Regohm ‘3 a natural for 


your control system 


istics of the Regohm to those of your present system. 


(5) ANALYTICALLY DEFINABLE - The response of Regohm is in- 
dle pendent of the rest of the servo S\ stem. Its response char- 
icteristic can be expressed in terms of conventional “transfer 
functions.” Regohm acts as an integrating error-rate pro- 
portional controller. No appreciable steady-state error can 
occur. Regohm’s effect can be calculated in advance, sim- 
plifying design and facilitating prediction of performance. 


(6) CONTINUOUS CONTROL - In “closed loop” systems a high- 
speed averaging effect occurs as Regohm’s armature oscillates 
over a small amplitude. This provides intermediate values 
between step resistances and results in continuous, stepless 


control in systems operating at power frequencies and below. 


Q) LONG LIFE - In properly engineered installations, 
Regohm’s life is measured in years. Plug-in feature simplifies 
replacement and maintenance—there are no parts to renew 
or lubricate. Shelf life is substantially unlimited. 

Our engineering and research facilities can help you apply 
Regohm to your servo system or regulator problem. Write 
for Bulletin 505.00, containing a complete discussion of 
Regohm’s characteristics and applications. Address Dept. P 
Evecrric ReGuLator Corp., Norwalk, Conn. 


borne controls * portable and stationary generutors + marine radar + 
inverters + locomotive braking systems + mobile telephones + guided 
missiles * signal and alarm systems * telephone central station equip- 


ment + magnetic clutches + railroad communication systems. 
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CUSTOM OR STANDARD 





Sf t Cc ..- The Guaranteed Components 


FIND YOUR ELECTRICAL and ELECTRONIC COMPONENTS HERE 


Shown approximately half size. 


Slug Tuned Coils and Coil Forms. Single layer or pie type windings to your 
specifications. Forms of quality paper base phenolic or grade L-5 silicone im- 
pregnated ceramic. Mounted bushings are cadmium plated brass; ring type 
terminals are silver plated brass. All units include slugs and mounting hardware. 
Type C (above) available with retaining collars of silicone fibreglas. Note: 
Regular, CTC Coil Form Kit is available. Also available, new Coil Kit, Type 
X2060, with windings on standard LS-6 Forms. 
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Silver-Piated Brass Standard Terminal Lugs. Twenty-eight different 
types, each available in varied shank lengths, coated with water dipped lac- 
quer for protection during storage. Other finishes include hot-tin, electro-tin, 
electro-tin lead, cadmium or gold plate on special order. Pressure and hand 
swagers available for mounting all terminals. Note: Combination screw and 
solder terminals are available in 3 sizes. 
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Insulated Terminals. Grade |-5 ceramic, silicone impregnated 
for maximum performance over broad humidity range. Rivet or 
screw stud type. 5 lengths of dielectric. Also available: phenolic in 
rivet or screw-stud mountings; ceramic with internal screw thread. 





Pa 


1120 X1786 X1552 X1774 


Hordweare. Includes panel screws, thumb screws, dial locks, shoft 
locks, handles and handle ferrules, tube clamps, terminal board 
brackets, standoff mounts and spacers. 
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Terminal Boards. Standard type in cotton fabric phenolic, nylon 
phenolic or Grade L-5 silicone impregnated ceramic. Custom boards 
of cloth, paper, glass laminates (phenolic, melamine or silicone resin) 
imprinted as required, lacquered or varnished 

to specifications MIL-V-173 and JAN-T-152. 





All materials, processes, finishes meet applicable government specifications. 


Custom Made CTC Components will be quickly made to your specifications in production quantity. 


Write for Free Catalog #400 containing complete data on the entire CTC line. Includes engineering drawings on items 


pictured here as well as many other CTC components. 


CAMBRIDGE THERMIONIC CORPORATION, 473 CONCORD AVE., CAMBRIDGE 38, MASS. 
West Coast Stock Maintained by: E. V. Roberts, 5068 West Washington Blvd., Los Angeles 16, California 
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WOVEN WIRE RESISTANCE 
HEATING ELEMENTS 




















SAFEW AY Electrical Heating Elements differ from the more usual types of elements in 
that the resistance wire is interwoven with suitable electrically non-conductive material. 
Engineered for specific applications 


This woven type element provides mechanical flexibility . . . “form-fitting” to con- 
tours of area being heated . . . together with temperature uniformity over the entire 
area. 


ELECTRICAL CHARACTERISTICS Values: — Elements most frequently made for 
110 volt, 220 volt, or 27 volt power source — but can be supplied for such dif- 
ferent values as desired. 


Tolerance on resistance: — Usually plus or minus 5% — but can be held 
closer in most cases if desired. 


PHYSICAL CHARACTERISTICS: Because SAFEWAY elements are engineered spe- 
cifically for individual requirements, a wide variety of physical specifications can be 
developed to order. 

@ Insulating methods: — Applications vary from elements used with bare 


wire .. . to those insulated in fibre glass or those imbedded in neoprene or 
other plastic. 


Temperature Values:—Range approximately from —65°F to 1000°F de- 
pendent upon construction. 


Low temperature of wire assures very long life of both resistance wire and 
insulating material. 


Flexibility: — Comparable to fabric. Can be fashioned, through variations 
in weave, to follow contours of area to be heated. 


@ Size: — Element is relatively thin. 
@ Surface areas can vary from a few square inches to many square yards. 
APPLICATIONS:—from de-icing . . . to temperature control for high altitude instru- 


ments... to even distribution of heat in electrical appliances and in industrial 
equipment. SAFEWAY elements are especially adaptable where space is limited. 


WHAT IS YOUR PROBLEM? Our engineers will be glad to help you develop a 
solution. To learn the potentialities of Woven Type Elements for electrical resist- 
ance heating, simply send for our detailed specification sheets. Write today. 


SAFEWAY HEAT ELEMENTS, INC. 


MIDDLETOWN e CONNECTICUT 
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Infomation Wavied.. 


about your uses for 


c-p-F ETAL CLADS 








Did you know that C-D-F supplies a full range of 
metal clad laminates in both Dilecto and Teflon 
grades? With mounting interest in printed circuits 
it pays to consider the respective advantages of these 
new C-D-F materials . . . it also pays to line up all the 
Information Wanted facts and discuss your specific 
application with your C-D-F sales engineer (Offices 
in principal cities). He’s a good man to know! 


Dilecto M3TAL SLADS 


Printed circuits depend upon stable, uniform core 
material and Dilecto has years of proven insulation 
service (Dilecto is a laminated thermosetting plastic 
made only by C-D-F from paper, cotton, glass or 
asbestos fabric base, or a mat base). Normally 
phenolic or melamine impregnating resins are used 
for METAL CLAD sheet stock. There are many 
grades of Dilecto, but only the better electrical 
grades are supplied with metal foil surfaces. Out- 
Standing is C-D-F grade XXXP-26, a hot punching 
grade with high insulation resistance, low and 
stable dielectric losses and excellent moisture re- 
sistance. Green color. New C-D-F Catalog GF-53 
gives complete data on Dilecto grades. Write for 
your copy today. 


Teflon’ METAL GLADS 


Glass fiber cloth is first coated with Teflon resin 
and laminated into C-D-F GB-112T sheet stock. 
This base withstands high heat (200°C. maximum 
operating temperature) with the dissipation factor 
and dielectric constant extremely low over a wide 
frequency range. No adhesive film is needed to 
bond metal to the Teflon laminate, thus the inher- 
ently good electrical properties of the core material 
are maintained. GB-112T has practically zero water 
absorption, so a METAL CLAD with this core 
offers consistent high insulation resistance with ex- 
cellent stability of dielectric loss properties. 


METAL CLAD Surfaces 


Copper foil (usually .00135” or .0027” thick) is 
bonded on one or both faces of the sheet grade of 
Dilecto selected. The foil used is a special grade 
of electrolytic deposition copper particularly adapt- 
able for cementing onto laminated materials. An 
adhesive film is placed between the metal and the 
Dilecto, and cemented during the pressing and cur- 
ing cycle. When closer tolerances are required 
C-D-F sands the Dilecto to the required thickness 
before bonding. Aluminum, silver, or other alloys 
of various metals may be supplied. 


Better Bond Strengths 


One of the most important physical properties of 
a metal clad product is its peel strength, the pounds 
pull required to separate the foil surface from the 
core material. Working with years of laminating 
know-how, C-D-F has been successful in obtaining 
the following average test values for its METAL 
CLAD sheet stocks: 
Lbs. pull per 
1” width 
XXXP-26 plus .00135” copper ..... Sto 8 
XXXP-26 plus .0027” copper . 7 to 10 
XXXP-26 plus .0015” aluminum .. 9 to 12 
GB-112 Tefion plus .00135” copper .. 6to 9 


Sheet sizes: Dilecto grades — 38 x 38”, 38 x 42” 
Teflon grades — 16 x 36” 


Continentnl-Diamond tre 


NEWARK 40, serpy ge 
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*DU PONT TRADE MARK 
Write for new C-D-F General Catalog GF-53, new C-D-F Teflon folder T-52, and talk METAL CLADS with your C-D-F sales engineer. 
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SPECIALISTS IN TRANSFORMERS 


at prices that compare favorably with standard units 


Over 25 years of know-how in special transformer design and manufacture. 
The illustrations shown are only a few of the many types manufactured. 


: *HIGH 
() 








Sizes from 0.01 to 300 KVA 
1, 2, & 3 phases, 25 to 
400 cycies. 

DRY TYPE ONLY 


TRANSFORMERS 
FOR: 


HEATING 
TESTING 

POWER 
ELECTRIC FURNACE 
SPECIAL WELDING 
PHASE CHANGING 
PRECIPITATION 
CONTROLLING 
RESEARCH 
LIGHTING 





EFFICIENCY 


INDUSTRIAL 
MEASURING 
SIGNALING 


LOW 
VOLTAGE 


All NWL coils are vacuum-pressure impregnated and all joints over 10 am- 
peres are silver soldered. Bus leads of over 100 amperes are silver plated. 


Laminations, oriented and most silicon steels are annealed in accurately 
controlled nitrogen atmosphere electric furnaces. 


SEND FOR 8 PAGE BULLETIN 
No Charge At Any Time For 
Design Service 


WINDING LABORATORIES 








ESTABLISHED 1920 11 ALBEMARLE AVE. TRENTON, NEW JERSEY 
es | ay 
A Manufacturers of Electrical Transformers— oy 

Testing Equipment 
MEMBER MEMBER 
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CHROMALOX offers you efficient and economical 
| (tbaged Clit ti -ro fit your specific needs 


CHROMALOX Electric Heaters give dependable “on- automatic or manual control. Low initial cost, low 
the-spot” heat where and when heat is needed. They _ installation cost and low operating costs are among 
produce uniform and accurate temperatures with the other advantages they give you. 


CHROMALOX STRIP HEATERS 


Easy-to-install CHROMALOX Strip Heaters are 
clamped to flat or curved surfaces, round vats, 
pon and tubes. They are made in straight 
engths, rings and segments . . . and may be 
curved or bent to fit cylindrical or “dished” 
surfaces. Typical applications include: arma- 
tures, cleaning tanks, molds, process kettles, 
plating baths, revolving rolls, etc. 








CHROMALOX RADIANT HEATERS 


CHROMALOX Radiant Heaters let you dial 
the precise temperatures needed for baking, 
drying, curing, dehydrating and similar uses. 
They give glareless far-intrared heat that is 
absorbed efficiently by all colors, textures and 
surfaces. All-metal construction withstands 
shock, vibration, rough handling. Units are 
compact; easy to install in present equipment 
or assemble into tunnels, banks, etc. 


CHROMALOX CARTRIDGE HEATERS 


Compact CHROMALOX Cartridge Heaters are 
ideal for use when concentrated heat is needed. 
Inserted into close-fitting holes, they provide 
easily controlled heat for dies, molds, platens, 
etc. They are quickly and easily installed in 
stationary or moving parts with minimum labor 
and material costs; they may be controlled 
for accurate, dependable, care-free operation. 
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CHROMALOX IMMERSION HEATERS 


CHROMALOX Immersion Heaters are used in 
degreasing, cleaning, pickling and plating 
baths; for melting greases, asphalts and similar 
viscous fluids; for heating Dowtherm, Arochlor, 
Prestone, and other heat-transfer mediums. 
Available in many sizes and types, with alloy 
sheaths to resist corrosive action. 

















CHROMALOX TUBULAR HEATERS 


These heaters, in straight or tailored shapes 
are used for convection, conduction and radi- 
ant heating. They may be clamped to metal 
surfaces, used in ovens, or immersed in greases. 
They are especially useful to heat ovens, cal- 
enders, molding-presses and similar equip 
ment utilizing heat, 























Technical know-how for solving thousands of heating problems WRITE FOR 
is available to you without obligation. Chromalox Application CATALOG 50 


Engineers, located in principal cities, will work with you in 
adapting electric heat to your product or process. Write for 


name of Chromalox Engineer nearest you. pe pone ~~ 
EDWIN L. WIEGAND COMPANY Gasadl te caat cam 


need de 
7535 Thomas Boulevard ° Pittsburgh 8, Pa. <_< —_ . 


1gners ond Many ‘ers of Electric Heating Units Exclusively Since 1917 
More than 15,000 Types, Sizes & Ratings—Most Available From Stock 
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WATLOW ELECTRIC MFG. CO. 


1388 Ferguson Ave., St. Louis 14, Mo. 
"Tailored Heat for Every Industrial Use" 


SALES ENGINEERING REPRESENTATIVES 


BOSTON 16, Mass CHICAGO 6, ILL DAYTON 2, OHIO DETROIT 2, MICH ROCHESTER 4, N. Y. SEATTLE 4, WASH. WEST MEMPHIS, ARK 
C. H. Ribble & Co. Kelburn Engr’g Co. Thal Mor Associates Stanley L. Burgess Frank L. Unbehaun J. B. Hickman Co. Lioyd D. Fitts 


258 Park Square Bidg. 600 W. Jackson Bivd. 11 W. Monument Ave. 6432 Cass Ave re Tone See O08 Maritime Bide. 716 Breasecy 


AN FRANCISCO 23 SHERMAN OAKS, CAL. EXPORT 
CAMDEN 2, N. J CLEVELAND 22, OHIO DENVER 16, COLO. NEW YORK7.N. y. SAY FRANCISCO 23 SHE RM ae ccmtrel Exuin. Brauner Expert Co 


James W. Wyatt Cc. B. Webb Peterson Company C. H. Ribble & Co. ment Co. ment Ce. 2030 Chestnut St. 
312 Cooper St., Rm. 201 22232 Bryon Rd 4949 Colorado Bivd. 261 Broadway, Rm. 206 2342 Franklin St 4622 Van Nuys Bivd St. Louis 3, Mo 


Watlow CARTRIDGE HEATERS 


| Flexible leads or rigid terminals. Brass sheath for 
temperatures under 750° F., monel or stainless steel 
for temperatures to 1200° F. Diameters 3%" to 
1 5/16”, lengths 14%" to 20”. Capacities 50 to 
1500 watts. 


Watlow STRIP HEATERS 


Straight or curved. Widths 34," and over, lengths to 
72”. Nickel chromium resistor enclosed in mica, 
sheathed in rust-resisting iron for temperatures to 
750° F.; monel metal for temperatures to 1200° F. 
Post, button and bracket type terminals. 


Watlow IMMERSION HEATERS 


Straight or curved design. Encased in seamless 
cylindrical tube and brazed to pipe-threaded header. 
Brass sheathing for water heating, steel for oil heat 
ing. Available in monel and stainless steel for special 
solutions. Diameters 34” to 2”, lengths 6%" to 67”, 
capacities 150 to 10,000 watts. 








Watlow CYLINDRICAL HEATERS 


Patented clamping band. Widths 1” to 2”, diam 
eters 154” and up. Watt densities up to 45 watts / 
sq. in. 


Watlow HOT PLATES 


Polished steel heating surfaces. Portable or flush 
mounting types, 3-heat switch for 550° F. to 750° F. 


Watlow THERMOSTATS 


Temperature range from 100° F. to 550° F. Built-in 
double pole on-off switch. Neon pilot light (optional 
Capacity 125 V., 35A., 4375 Watts; 250V., 25A., 
6250 Watts. 


Watlow SPECIAL EQUIPMENT 


Also available for specific industries and uses are 
heating-unit styles and sizes not listed above. For 
your special needs, write us — describing your 
requirements. 
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@ The Stevens thermostats listed are just a fe 


w from the largest line of bimetal 


thermostats in the industry. So even if you have an unusual problem in thermostat 
design, check with Stevens first. Chances are a standard Stevens thermostat will 
satisfy all your performance, size, cost and delivery problems. 





FEATURES 


Type $ 


TYPES SA 
AND SM 


TYPE R 


TYPE W 








STYLES 
Non-Adjustable 
Adjustable 
Maonvol Reset . , 
Single Pole Double Throw 
Positive Acting 
Snap Acting 
Open — oa 
Enclosed . kids 
Hermetically Sealed ‘ 


ADJUSTABLE TEMPERATURE RANGE, 
Moximum. . a e 

OPERATING TEMPERATURE, Maximum 

DIFFERENTIAL between opening and closing 
(as measured on bimetal*) 


Maximum (open or close) 
Minimum (open or close) . 


CALIBRATING LIMITS 
Standard 
Special* 


RATING (Non-Inductive Load) 
115 Volts a.c. . <a aes 
230 Volts a.c. 

28 Volts d.c. 


ANGLE OF ROTATION, Maximum 
MOUNTING 


VIBRATION RESISTANCE 


CORROSION RESISTANCE 
Standard i 
Hermetically Sealed 


HIGH ALTITUDE PERFORMANCE 
SIZE 


*Depends on application 





Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
No 
No 


650° F. 
650° F. 


App. 15° F. 
App. 5° F. 


+10° F, 
+ 5° 6. 


15 amps. 
10 amps. 
15 omps. 


300° 
Single Stud 


Fair 
Good 
No 


Excellent 


See Bulletin 
F-2006 





Yes 
Yes 
Yes 


Yes 


Yes 
Yes 
No 
No 


15 amps. 
15 amps. 
15 amps. 


300° 
Single Stud 


Good 


Good 
No 


Excellent 


See Bulletin 
L-6397 





Yes 
No 
No 


No 
No 


No 


650° F. 
650° F. 


App. 15° F. 
App. 5° F. 


+10° F. 
t 5° . 


15 amps. 
10 amps. 
15 amps. 


300° 


See Bulletin 


F-2003 
Fair 
Good 
No 
Excellent 


See Bulletin 
F-2003 





12 amps. 
8 omps. 
12 amps. 


300° 


See Bulletin 
L-6395 


Good 


Good 
No 


Excellent 


See Bulletin 
L-6395 





See Bulletin 
F-2009 


Good 


Good 


Excellent 
Excellent 


See Bulletin 
F-2009 





5 amps. 
2 cmp 


5 amps. 


See Bulletin 
L-6934 


Good 


Good 
Excellent 


Excellent 


See Bulletin 
L-6934 











MARK YOUR PRINTS ~~-STEVENS THE 


Note: All above ratings are conservative and 
may change, according to the application. 
Thermostats shown approximately half size. 


7TATS 


EQUAL 











ieletron 
siti 
SELENIUM RECTIFIERS 


A PARTIAL LISTING OF RECTIFIER STACK TABULATIONS 
TAKEN FROM THE LATEST SELETRON CATALOG 













































SINGLE PHASE 15 Amps. 0.C 22 Amps. 0.C | 30 Amps. D.C 45 Amps. 0.C 
pa, CEUs ono, +828; | AOQ, peeks 0a, 78-53 
BRIDGE lO lp q >» ee ~q ? 
| Approx. 0.C ten. &.€. -———— Eo a at aol Tame -t ~ al ae Se a 
| Voltn Mow Inewt Cote Meo tm Code Ne Om Code Neo | B-Orm if Code No 8m 
| 20 26 | MIBISIG 1k," | M1B1SIG 1K," | PIBISIG | 1%," | PIBISIG 1%, 
40 $2 | M2B1SIG 2%” | M2B1SIG 2ie" | P2BISIG | 2%," | P2BISIG 2k, 
| 60 78 M3IBISIG 2", | WM3B1SIG | 3" | PIBISIG | 3 | WP3B1SIG 3% 
80 104 | M4B1SIG | 3x," | WM4BISIG | 4k,” | P4BISIG | 3%” | WP4BISIG 4% 
| 4, | | | 
100 130 | MSBISIG | 3%" | WMSBISIG | 5 PSBISIG | 4," | WPSBISIG 








mee a Seletron Selenium Rectifiers 























[ sinese ewase |_<Anen.0¢. | so anes 0c | 1eAmen0c. | 14Ang. oc | are the choice of an increasing 
| BRIDGE ra dbl pate. dbl po, he | fot : 
bel tog ee | at eet | et ee | tet ht number of manufacturers in 
| Veins New | input Veins | Code No B-Dim | CodeNo | 8-Dim | CedeNo | S-Dim | CodeNo [ 8-dim | 
3 | & lesss| f-ieess, [alesse | clases [x diversified fields because they 
60 | 78 Q3B1SIG 3 WQ3B1S1G | 3% | $3B1S1G 3% WS3B1S1G 4s 
80 104 | Q4B1SIG | 3%" | WO4BISIG | 4%" | SUBISIG | 4% | ws4B1S1G 5% are so thoroughly dependable 
100 =| 130 | aseisic | 4%," |wassisic | 5% | Sssisio 5x," | WSSBISIG | 6% 














under all types of grueling 














r - = = ee on rw - 7 weet = = — — \ mee + - — = - EE a 
[ sinote pHase |_24Amps D.C | 32 Amps. DC | 4.5 Amps. 0c il 6.0 Amps. OC. | 
BRivGE ra ae Sr es ee ee conditions... Available in the 
——<———ji;' 1 os OS =a (OS Ce! | 
Appres ocl Mor as — - = +—- - + T + ms —_-—4 . . . . d f 
| veietiow | iowtvohe [Geto ne [” e-bim | cotene —Te-tim. [Code ne T :0im | Cos ne, [om | miniature sizes required for 
20 26 UIBISIG | 2% UIBISIG 2% WIBISIG 2% WIBISIG 2% 
40 52 U2BISIG 3'k, U2BISIG 3'k, W2BISIG 3'K, W2B1SIG 3'K, 4 > 
~ S foes | oe” lees be lee | oS ees | oe radio, TV and other electronic 
80 104 U4BISIG 6%, WU4BISIG 8's W4BISIG 6," | WW4B1SIG 8's 
a circuits, all the way up to 
0 9K." | WSB1S1K }_| 78" , 








. ree T T = = 
~ 
SINGLE PHase |_¢7 Ames. [0S Amps.0¢ | 0Amps.0¢ | 10Amps. 0c. | heavy duty power stacks used 
| 1 pas os ne, “5 28 | ong, ; ag 2c: ~ peers 
BRIDGE O lis af h, | 4% dj i ae meer P . ° . 
ra powrs Rialto So Oe et Oe in a wide range of industrial 
Volts New Input Vole | Code No | 8 0im f Code No. | 8-Dim | Code No | 8-Dim | Code Ne. | 8-Dim. 1 
r T T - ns a - 7 . . 
20 26 | TIBISIG | 3 TIBISIG 3 HIBISIG | 3 HIBISIG 3 a lication 
40 52 | 1281S1G 4," | T2B1S1G 4” | H2BISIG | 4," | H2B1S1G 4" PP ons. 
60 78 T3BISIG 6%, WT3B8ISIG 7", H3BISIG 6%, | WH3BISIG 7"* 
80 104 T4BISIG Bs WT4BISIG 10%, H4BISIG 8%" | WH4B1S1G 10% 
100 130 T5BISIG 9'* WT5BISIG 12% H5B1SIG 9'k.” | WHSBISIG 12% 





Listed above are full wave bridge rectifiers. Ratings 
are for continuous duty, resistive-inductive load, in an 











ambient temperature of 35°C anon mare evaen MAX. INPUT | MAX. PEAK MAX. D.C 
For higher voltages and currents, other combinations NO SIZE THICKNESS VOLTAGE INVERSE OUTPUT 
. ge . ° R.M.S VOLTAGE CURRENT 
are available. Send us specifications for other designs 
Our engineers will be glad to aid you in the solution vat ” sq ve 25 75 100 MA 
f fi bi ith bli By1 Ve" $q 9/16 130 380 25 MA 
of your rectitier problems without obligation 16Y1 Ve" sq 15/16 260 760 20 MA 
8)1 11/16" sq 9 16 130 380 65 MA 
SULLA 54 1” sq 11/16 130 380 75 MA 
' 5M1 1” sq Ve 130 380 100 MA 
4 GERMANIUM DIODES >(Selet ron spr | 1-316" sa.| 7% 130 =| 380 150 MA 
i 
in JAN ond other types ere rArmei + 6P2 1-3/16" sq.| 1-316 156 456 150 MA 
UUUUUUU Ve ; 
now evailable 5R1 1¥2"x1V4 r) ns 380 ~ MA 
5a1 112” s 1" 1 380 250 MA 
Write for our descriptive MINIATURES FOR . - 
Bulletin 1 RADIO TV AND 6Q1 142" sq 1ve 156 456 250 MA 
viletin 12B ’ 62 1%” sq 1% 156 456 250 MA 
GERMANIUM TRANSISTORS OTHER ELECTRONIC 604 12” sq 1% 130 380 300 MA 
APPLICATIONS 5as1 1¥72"x2 1Ye 130 380 350 MA 
also available in limited 6QS2 1%2"x2 1% 156 456 350 MA 
quantity 5S2 2” sq 1¥% 130 380 400 MA 
6S2 2” sq 13 156 456 500 MA 



































For more complete listings write for Bulletin No. PE-2 


RP RADIO RECEPTOR COMPANY. Inc. @P 


Since 1922 in Radio and Electronics 





Manufacturers of Seletron Selenium Rectifiers « Germanium Diodes and Transistors * Thermatron Dielectric Heating Equipment 


SALES OFFICE: 251 WEST 19th STREET. NEW YORK 11 + FACTORIES IN BROOKLYN, N. Y. 
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In visualizing AUTOMATIC ELECTRONIC 
CONTROLS for your equipment, 





prospects 
Bt of the ” 

uyittle Black Box 
wonderful new 
been Controls 
he death of 


a mean t 
= + __ unless the 
“ buyer sees that 





cautious 
his own personnel come 
locate and correc 


Control troubles of 


the spot. 







SIMPLE 
PLUG-IN CHASSES 





















SIMPLE 
PLUG-IN PACKAGES 
Any electronic equipment can now be subdivided ol 
simple plug-in units that for the first time assur 


your users RELIABIL TY IN SERVIC 


(The User's own personnel can fesete and correct most troubles on the 5p : rn 


a? 





Here are the bold Here’s how to get them: 
new Standards: IT’S AS SIMPLE AS THIS - 


a} ] Unitize your circuitry in compact vertical planes 


—_ e using Alden Terminal Card Mounting System. 
Circuitry subdivided, 


function by function into as p= m+ i} +00 O, @.. 


plug-in units. 2 JUMPER STRIP 


a =? 


“Gg 


YOUR COMPLETED ES Ts 
PREPUNCHED TER= MINIATURE Elim nates wiring CARD.MTG. FOR PLUG-IN PACKAGE 
MINAL MTG. CARD TERMINALS for common circus SOCKETS OR CHASSIS 
You can use Alden Form inal Mounting Card with Alden Miniature » Terminals Jumper Scrip and 
Sockets staked to accommodate any circuitry — making ics — for bousing. 
Componensss snap into unique Alden Terminals, are held sendy .- sO side 


2 To mount this vertical circuitry, ALDEN PLUG-IN PACKAGES AND BASIC 
e CHASSIS give tremendous variety with standard components 


C~ ALDEN 
LUG IN in 16 ALDEN 
AGE ane $ 
bets 4 


© 


Tiny telltales spot trouble ia} * CHASSIS 


instantly. “mm °° PD 3" sists 





i 
iu” «fF Plugged into Plugged inec tu imo 
OPIN e Standard Racks Alien 4 Rac chs toa le Cases 
components provic je cromendous varicty to build almost any circuitry as plug-ins. With spares, your circuigs 


are units a cable in 30 seconds. 


3 Give chassis easily traceable interconnects and 30-second 
* replacement with ALDEN SERVE-A-UNIT KIT 


© 


1T’S AS SIMPLE AS THIS Arrange Alden Side Rails (1) GIVING YOU Chassis that plugs in, locks and ejects 
P . 1 and Alden Lock Frame to with half ture f the wris cads 20 bee 
lug in replacement hassis. Alden Serve ganized ad id at no-techaical 
. A-Unit Locks mount in per ~ e 
spares in 30 seconds. your chassis 10 engage pre 
~ unched holes in Alden Lock 


rame (2 Rad pon “, draw im 
sur chassis. 


r 
mating Alden Back Connec 
tors on ur Chassis 





ALDEN BACK . Accessible central check point 
w CONNECTORS leads color coded and oumbered 
. 








All leads brought to sin- 
gle accessible point of 


Compact front ane! ca »MINIATURE MINI URE y 
check — all numbered, gee mon ane 6 Gay ‘alien Sensing TEST JACK or a | f INDICATING 
ements ‘ 
color-coded — so layman HS! signed to lick the an ¢ of oo SS 
small space. 

can make first-level tests. = 

REQUEST FREE HANDBOOK By thinking of your Electronic Controls in terms of ultimate plug-in units — you lick 

a y & y y 

Describing complete system of Plug- 


in Unit Construction and Compon- /*===- | the problem of RELIABILITY IN SERVICE for your Customer . . . and you wash out 


= 226 pages and many Planning / hdeas ff problems of Design, Manufacture and Procurement for all concerned. 
ects. 


INA-AL() ALDEN =a y PRODUCTS co. 135 Main St., Brockton 64, Mass. 


4, Assign to each unit ALDEN SENSING ELEMENTS — to spot trouble instantly: 






























Are SIZE and WEIGHT 
Critical Factors in 


YOUR DESIGN....8 


international 
instruments 


INCORPORATED 


are specialists in 1’ and a*,” 
miniature meters 









i 
ovz7 
44% 
7 
DCMA 


4 












Pa wr aw 
A LL : 
S 46 {% 


MODEL 100 
MODEL 150 


MODEL 153 


Goa gel © PROMPT DELIVERY 
@ WIDE SELECTION OF RANGES 
@ METERS DESIGNED TO SPECIAL REQUIREMENTS 


If your instrument requirements demand the smallest possible size and weight 
without sacrificing accuracy and dependability, International Instruments can help 
you. International Instruments is a pioneer in the production of miniature instruments 
—the first to produce and sell 1” barrel diameter instruments, 1/2” illuminated 
meters as well as 1/2” self-contained AC Woltmeters, DB and VU Meters. 


The meters shown above feature a miniaturized D’Arsonval type movement. Expert 
design, precision workmanship, and rigid quality control in every stage of manufac- 
ture make possible reduction in size while retaining high standards of performance. 


Accuracy is held to +3% of full scale deflection. Light, strong metal cases are 
easily mounted in any panel. Special scales, ranges and other characteristics can be 
provided to meet your particular requirements. Meters designed to meet applicable 
sections of Government Specifications are housed in watertight cases. They ore used 
extensively in equipment used by the armed services 

If smaller size and lighter weight can help you to solve your instrument problems, 
write for engineering data sheets that cover our standard instruments. Or simply 
submit your specifications to our engineering department. 


LIAISON ENGINEERS IN PRINCIPAL CITIES 


° > Please send me engineering data sheets coveri : 
tn | ern at ton al the International Line of Instruments. a : 
instruments NAME : 
Ttae).1¢).7. 042") ‘ 
e POSITION ; 
' 
| CO. NAME : 
' 
‘ CO. ADDRESS ‘ 
' 

P 10) Ga bt ee a ee eee 
tems 3 city ZONE STATE : 
a 








MAGNETIC AMPLIFIERS — 
These high gain, high per- 
formance Magnetic Ampli- 
fiers are especially suitable 
to drive two phase induc- 
tion servo motors requiring 
from 0.1 watt to 20 watts 
per phase on either 400 
cps or 60 cps powerlines. 
The output power is either 
in phase or 180 out of 
phase with the powerline 
depending on the D.C. input signal polarity. 


Pm 9 DATA SHEETS 


ae a AVAILABLE 


STANDARD 
TUBELESS SERVO AMPLIFIERS 
with built-in adjustable SERVO 
LOOP STABILIZATION. Packaged, com- 
pletely self-contained, magnetic servo ampli- 
fiers for position servo systems where either 
A.C. or D.C. error signals are available. De- 
signed for instrument type and power type 
servo systems to work with synchro control 
transformers or potentiometers and two phase 
induction servo motors. 


New Automatic Universal 
- TRANSISTOR 
CURVE TRACER 
USES— 
Designing 
transistor cir 


cults — com- 




















paring, match- 
ing and select- 
ing — detecting 
anomalies— 
studying effects 
of temperature, 
age, normal us 


White ~ age, over-load 
P= ing — detect- 


ing failures and 
cause. 


MAGNETIC 
AMPLIFIERS - INC 


632 TINTON AVE NEW YORK 55, N.Y 
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Selection of the 
right material is often... 


Compression 
Cold Melding pive the melding ef reinforced plastics. 











Modern molded plastics offer almost unlimited 
combinations of physical properties to help 
you produce a better product at less cost. But 
so many excellent plastics are available that 
it often becomes a real problem to find the best 
plastic material for your particular needs. 


AGS tf 


The Aico Plastics Applicator solves this problem. It lists the complete phys- 
ical properties of the most popular molding materials . . . automatically 
selects three superior plastics for each property . . . even indicates the best 
molding method! You'll do yourself a good turn when you turn the dial of 
the Aico Plastics Applicator. Send for yours today! 


American Insulator Corporation 
New Freedom, Pennsylvania 
Please send my free Plastics Applicator immediately. 
NAME, 
POSITION: 
a 
OTs ene — 
(0 Maeve your representative call on me. 








¢ Pee ee A COMPLETE LINE 
: OF EXPERTLY DESIGNED 
: : ELECTRONIC 

COOLING COMPONENTS 


For every control, tap, 
and transfer application. 





a 





AIRFLOW INTERLOCK SWITCHES 





MINIATURE BLOWERS AND FANS 
FOR AIRBORNE EQUIPMENT 





HI-PRESSURE DIRECT DRIVEN 
TURBINES - INDUCTION MOTORS 


a 5 





) 





TANDEM TYPE P, 30-10A 





@ Save valuable panel space 
© Simplify control of complex circuits with COMSTANEWEGHT PERFORMANCE 
@ Give “dead-front” mounting safety 
@ Listed by Underwriters Labs, Inc. 


@ Can be furnished to latest Navy specs. 


@ Ratings from 2 amperes to 200 amperes, 30 to 
250 volts d. c., and 125 to 500 volts a. c. — 
depending on number of circuits and nature 


of load. 





Write for combined catalog giving useful 


” ‘ HI-VELOCITY BLOWERS MATCHED 
design data on Esco rotary switches. TO STANDARD TRANSMITTING TUBES 


Write for complete catalogue 


: L E Cc T R fe) S Ww i T re H including valuable data sheets 
eo nae ake ROTRON MFG. CO. 


167 King Avenue, Weymouth 88, Mass 9 Schoonmaker Lane 
WOODSTOCK, N. Y. 
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ELECTRICAL AND 


ELECTRONIC COMPONENTS 


~ 
—_—— 
~ 








Willy SO ES 
ee) 


Send your product wiring problem to Riverside! Whether 

. it’s a request for preliminary design assistance or for actual 

| & production of a million units . it will receive our prompt 

attention and careful consideration. The design and produc- 

tion of electrical assemblies, harnesses, and wiring devices 

has been a Riverside specialty for years. At your service 

= you'll find a complete experimental laboratory, a staff of 

g experienced engineers, highly specialized manufacturing 
) facilities, three modern plants, and a skilled labor force 

all operating under rigid quality control methods. Send parts, 


prints or details of your problem for prompt engineering 
recommendations and a firm quotation, without obligation 














Sk iverside Manufacturing 


AND ELECTRICAL SUPPLY COMPANY 


10232 MICHIGAN AVENUE « DEARBORN, MICHIGAN ¢ PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES « CORD SETS « HEATER AND EXTENSION 
CORDS « ELECTRICAL SWITCHES © RELAYS « MOLDED RUBBER PRODUCTS 


Product Engineering — 1954 Annual Handbook 


CUSTOM ENGINEERED 


PRECISION PRODUCED 







RUBBER ELECTRICAL PARTS, custom molded on 
side. strain reli aaein fecion ieee 
junction boxes, switches, connectors, grommets, etc. 
Any of these parts can be waterproofed when required, . 

' 


vit vise 
Vanufucturne 





Your source file needs this brochure! 
Wlustrates our type of production, engi- 
neering service, production facilities. We'll 
also put you on our tist to receive timely 
bulletins on new products. Write teday! 
You will be under no obligation, of course. 





ee: 


I73 








c-0O-O-L 
BLUE BOOKS NOW AVAILABLE FLUORESCENT 
. ! localized Lighting - 
for every 
industrial need 
and purpose.... 


~~ 
SINTERED POWDER METALS 





ELECTRICAL CONTACTS 


= tocker&Yale 
Lite-Mites 


For bench work; for machine tool 
work; for inspection; for layout 
and drafting; for all fine work 


; where 1, brilliant, localized light- 
Below are listed the four new ing at four cuguaee is decieed hee 
Wilco Blue Books. These new a Vi . 
Wilco Blue Books embody over Stocker& ale 


200 pages of technical data, LITE-MITES 
provide the ideal in lighting. Avail- 





giving complete information on able with or without magnifiers, 
the physical, chemical, and elec. the LITE-MITE provides the solu- 
. Re: : tion to numberless lighting prob- 
trical characteristics of Wilco lems. Models to suit individual and 
: specific industrial requirements. 

products and the technique for Custom designs for original equip- 
their most effective application. ment manufacturers; some of the 


many OEM users: Pratt & Whitney; 
Addressograph-Multigraph; Ameri- 
can Machine and Foundry; Reid 
Bros, Mfg. Co., Hamilton Tool Co. 

Lite-Mite affords high intensity 





WILCO BLUE BOOK (SECTION TWO) 


metal (Thermostat 


x 
> 











luding Silver, Platinum, Tungsten light; rugged construction resists 
ranges, deflection rates and electrical resistivitie and their alloys—Sintered Powder Metals — Precious wear and hard use; fluorescent light- 
Metal Laminated Collector Ring ing utilizes minimum current while 
giving maximum localized lighting. 
There is a Lite-Mite for every need 
WILCO BLUE BOOK (SECTION THREE) WILCO BLUE BOOK (SECTION FOUR) — in shop, plant, and laboratory. 
Clad and Overlaid Composite Materials (Strip Stock and Special Purpose Alloys, Ni-Span C Constant Modulus For full details, illustrations, prices, 
Wire) with facings of gold, silver, platinum, copper, steel Alloy; other special alloys, including high strength and write: 
and nickel. Jacketed wire, silver on stee pper, invar high conductivity copper base a 
and other combinations. Rolled Gold Plate and gold 
filled wire 


Stocker&Vale 


GREEN: ST., MARBLEHEAD, MASS. 
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Bulletin 470 Graphite Disc Rheo- 
stat for laboratories 





Bulletin 809 Instantaneous Current 
Jam-type Relay 





Bulletin 860 A-C Solenoid sup- 
plied in variety of ratings 


G 


Ne 





Bulletin 500 Knee and Foot Con- 
trollers for sewing mactines 


aa 


Bulletin 802 Limit Switches with 
various operating levers 


: 


Bulletin 849 Pneumatic Timers for 
machine tool service 








= 
Bulletin 802 Foot Switch for heavy 
duty, rough service 





Bulletin 600 Switch with overload 
breaker and pilot light 


> a 





Bulletin 202 D-C Contactors for 
opplications up to 150 amperes 





Bulletin 410 Graphite Disc Rheo- 
stat for stepless control 





Bulletin 848 Dashpot Timing Re- 
lay. Maximum interval 30 <<. 






7 i 
~~ e ne 
- ’ 
one 
” “tall 
—“) 


Bulletin 600 Watertight Starting 
Switch with pilot lic ht 








L 


Bulletin BOOT Oiltight Push But- 
tons for machine tools 





Bulletin 801 Rocker Arm Limit 
Switch for reversing service 


Bulletin 808 Zero Speed Plugging 
Switch with magnetic lockout 


Bulletin 840 Float Switch operated 
by float and chain 











in THE ALLEN-BRADLEY LINE 


Above are shown a few Allen-Bradley control accessories that 
you might suggest to your customers. The variety of these units 
reveals the wide scope of the complete line. The Allen-Bradley 
Catalog is a treasure house of standard control accessories 
which can be used in innumerable combinations to solve vir- 
tually any control problem. May we send you a copy of this 
Handy Catalog? 

Allen-Bradley Co., 1329 S. First St., Milwaukee 4, Wis. 


QA 
-BRADLEY 
ID MOTOR CONTROL 
~ y, 


S11 AL <— 





Look for the A-B trademark. 
It is a guarantee of Quality. 
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CONTROLS 


without vacuum tubes, 


moving parts in the liqu 


Service 





Type LH Chassis the 
For Pump Down Control 


1 Pole N. O. Contacts 


opportunity to 


programming 


controls, 
signalling 


when pre-determined 


are 


low 
levels 


is also assured, assuring 
at the proper time 





pressures, temperatures, 


S-700 Pull Type 
Solenoid 


Ice free electrodes 
sary 


where 


INDUCTION RELAYS 
SIGNALS & ALARMS e 


CONTROL PANELS e 


e RELAY SWITCHES 


A.C. SOLENOIDS 
MAGNETIC CONTRACTORS AND STARTERS . 


MAIL COUPON FOR FULL INFORMATION 


B/W CONTROLLER CORPORATION 
2200-2 E. Maple Road, Birmingham, Mich 


Please mail catalog at once to 
Firm 

Address 

City 

Attention Mr 





a 
LIQUID LEVEL 


B/W equipment covers all phases 
of liquid level control. It is ver 
satile and may be used to control 
any liquid that conducts electricity 
It is simple and positive in action, 


floats, or 


id. 


Complete Engineering 


Our staff of competent and ex 
perienced engineers will welcome 


discuss 
phases of liquid level control with 
you, such as interlocking controls, 


multiple 


Safety Features 
B/W Controls bring you safety fea 
tures, such as shutting off pumps 


liquid 
reached—protecting 
pumps from running dry and burn 


ing bearings. High level protection 
shutoff 


Versatile Operation 


B/W Controls cre not affected by 


acids or 
caustics. Remote control, if desired 


neces 


MULTIPLE PUMP CONTROLS 
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GENERAL 
MAGNETIC 


CORP. 
10017 Erwin, Detroit 34 
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\Winchester lilectronics (ncorporated 


ELECTRICAL CIRCUIT 










DESCRIPTION Types Available 


SERIES “B” 


MINIATURE INSERT IN | Recepfocle == Plug 


(Cable 
NNECTOR rl 
amen ee ay: Bias Bi4P 
coiakin ia ama 8245 B24P 
4 lia ‘ Standard type. pin 
..can solve your toughest weight and space problems! Fors quick | \euntacte tn Bligh 
Our Engineering and Development Department can ke 7% : ‘ ane as 


SERIES “a help you with your requirements for special connectors z 
acle.) 





Reversed tyr 
ee eerste ee eee eine eee ee eeeee acts in re 





Types Available | SERIES “SA” Srtretin vides ces | (Plsur shore, Cad 


acts 





of ee ee ewe ewe were eee ehh ee 







DESCRIPTION 
*e © *eereereeeneter#lheeeneeeeneenee#ee#e 
LIGHTWEIGHT Receptacle Plug LIGHTWEIGHT Receptacle Plug 
- 
ays aye AIRCRAFT SATS SATP 
AIRCRAFT TYPE anes +m SATS sare 
A\SsS AlsP SMALL SAISS SAISP 
Polarized; Rack, Panel alss alep tiehints Mate Oe SA18S SAISP 
or Cable mounted—with . varized: Re ane 
1/2 ACTUAL SIZE Hood r Clamp and Cable gga eB = Oe Se " wane & - —o Figures in above Code 
08 ica we V0 1 r . ‘ ‘ ; e num 
SERIES strain relief contacts.) Cat io ; lica mber of 
“ MW lee ee ee eeeeesis ee reese eevee 2/3 ACTUAL SIZE ee ee ee eee eevee ee eeeeeees 
a “HMRE 
Plug — 
” HERMETIC PLUG HMRET®-G SERIES HERMETIC PLUG Plug 
. sc ” 
Each special contact fused pone eo | HM (Round Hole) 
in glass into special base Hmtt Bh op HM4P 
ACTUAL plate provided for sol HMRE21P-G . Specia acts fused tr HMSP 
size dering into a rectangular HMRE 6P-G ACTUAL glass ir pecial bas HMTP 
hole in an hermetically HMRE PG La size pla pr . ion 
sealed housing or bulk j HMRE4IP-G ’ t Standard 
head. Used with Stan- | RESOP r . 6m. Gane os —~- 
jard ““MRE"’ Receptacle - . S is 8s 


SERIES ““SMRE”’ (Used with Standard SERIES “QRE”’ Teed with 8 M tecepta 


MRE Receptacles) 









SUB-MINIATURE Recsptede §=_- Plug QUICK. Receptacle Plug 
SMRETS-G  SMRE7P-G DISCONNECTING ORESS OResP 
For Aircraft, Instruments SMREI4S-G SMREI4P-G SELF-ALIGNING OREI2S OREI2P 
and Portable Equipment SMRE20S-G SMREZOP-G OREI8S ORE18P 
Light weight, Polarized, SMRE26S-G SMRE26P-G for eas QRE245 QRE24P 
Self-aligning with spe SMRE29S-G SMRE29P-G Self-a . QRE34S QRES4P 
an £ side pene ee SMRE34S-G SMRE34P-G Ate me Rack QRE2085 QRE208P 
*anel or Cable mountec f at Ca 
with Hood and Cable (Other sizes to meet t H Cable AQRE 125 AQRE12P 
ACTUAL SIZE strain relief your requirements) 2/s ACTUAL Size str f MAQREI8S MAQREISP 


“CR” MINIATURE SERIES Receptacle Plug 














Receptacle Plug SMIS SMIP 
“ ” 
PRESSURE-TIGHT (Panel) (Cable) M MINIATURE SM25S sm2P 
This connector is typical M45 map 
wf several recent designs CRS-25 CRS-2P For Aircraft, Instruments MSS MSP 
pee 1” ‘le x 1%" (Standard type, pin and Poriable Equipment PM6S PMoP 
igth in an aluminum contacts in plug) I tw ht. P , M7S m7P 
d ast shel It is | oP. 2. ~ Ris - ee mgs mop 
>» . with neopren — m CRS-25-R eking &. Pane MI2S mi2P 
rs around the in | (Reverse ype, pir : ih : > 
se and around each | contacts in receptacle ~ 1 and Cs M485 m4sp 
uct for pressure-tight (5 contacts #20 AWG) . peas 
wr dh d > an 








18 AWG 


Serre eee eeseisreseceee ce «| CRDIRE SEM oe eee eee eee sie eevee eeeeesn 


























SERIES “MRE” Receptacle —Plug 
MINIATURE ue hw | = 7s SPECIAL CONNECTORS Receptacle Plug 
For Aircraft, Instruments = 1338-6 = He P F5S-G FSP-6 
and Portable Equipment MREI4S-G  MREI4P-G ante & - F2S-8P-6 F2P-85-6 
MREI8S-G MREISP-G Awe F9S-9P-G F9P-98-6 
Light weight, Polarized | MRE205-G MRE20P-G Soom 6 . 
Self-aligning with spe MRE215-G MRE21P-G ' : e Code 
- gui te pins Rack. MRE2465-G MRE26P-G Il c ber of 
anel or Cable m unted MRE34S-G MRE34P-G Fir e for 
with Hood and Coble | Geese Geneies 7 $20 AWG. figure 
strain relief MRESOS-G MRESOP-G a Wwe. 
MRE7SS- MRE75P-G 
2/3 ACTUAL SIZE oe ee ee eevee eeieneeeeeeeeeee 2/3 ACTUAL Size 9060668600686 86O 6666 @ ae < 
MANY FE AT URES are « overed by our Pat _No ’s 161900, 162795 sae BR... R- 
2411861, 2466370, 2513080, 2526325. 2532538. Other Pats. Pend for information on the 


above or other connect- 


MONOBLOC* CONSTRUCTION eliminates unnecessary cree page paths ors—or for consultation WINCHES Y ER 


» 5 > on dificult connector 
and reduces oe were of moisture and dust pockets and provides problems. Many ether 
stronger mokc 


ed parts standard and special ELEC RONI 
types available y 


MOLDED MELAMINE body parts insure greater mechanical strength 


and high dielectric and arc resistance cs , INCORPORATED 
PRECISION MACHINED CONTACTS are gold plated over silver for con West Coast Branct 





sistent electrical conductivity, prevention of corrosion and ease in 1729 WILSHIRE 

soldering BOULEVARD GLE 

SANTA MONICA, LENBROOK, CONNECTICUT, U.S.A. 
Connectors & components meet applicable government specifications. CALIFORNIA 





WINCHESTER PRODUCTS AND WINCHESTER DESIGNS ARE AVAILABLE ONLY FROM WINCHESTER ELECTRONICS, INCORPORATED 
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Warrick Liquid Level Controls 


FLOATLESS . . . ELECTRODE TYPE 


Outstanding Features 


No moving parts in the liquid. Unaffected by pressure, tempera- 


No linkages, stuffing boxes or bel- ture, esids or athatis, 


lows. Simple, trouble- 


free, reliable 
and positive. 
Write for 32 Page Catalog Levels controlled to close limits. Easy to install. 

rc Control can be located remote Underwriters Lab- 
from liquid container. oratories listed. 


No vacuum tubes. 





Typical Applications 
vf yr CHARLES F. WARRICK CO. 


e High and Low Level Cutoffs P 
@ High and Low Level Alarms 1961 W. Eleven Mile Rd. 
@ Multi-level Signals Berkley, Mich. 
e@ Liquid Metering 


@ Special Controls and Panels 
@ Boiler Low Water Cutoffs FLOATLESS 


© Boiler Feedwater Controls ale leila) ears (ee) 88°10) 


@ Sewage Ejector Controls 


@ Carbonator Pump Controls | a em 8-10) 2) ee ed 


@ Cellar Drainer Pump Controls 




















Here’s Why 
More and More Production 


Engineers Use TOMIc FITT 


© EASIER TO INSTALL IN ELE 
© SAVES VALUABLE TIME CTRICAL 


© SLIPS IN FROM OUTSIDE 
@ WILL NEVER SHAKE LOOSE 


If You Use Cord Connectors 
or Thinwall Connectors 
in Your Electrical Assemblies 
WRITE FOR FREE 
SAMPLE 





Tomic Sales & Engineering Co. 








' 
TOMIC THINWALL panty TOMIC CABLE CONNECTORS | 200900 Sherwood Ave., Detroit 34, Michigan 
AND COUPLINGS 2", %&", FOR 4" AND %”" K.O. | Please send me sample of Tomic CONNECTOR 
0 COUPLING CORD or CABLE CONNECTOR 
TOMIC SALES g ENGINEERING CO. | = 
Address_ 





sf 20000 SHERWOOD AVE. DETROIT 34, MICHIGAN 
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City, Zone, State 























so careful of the single thing... 





(te OP 


os 
“f. Packaging high precision components in a protective capsule is an end-activity 
at RDM but it is representative of the organization—the field of operation, 
t method and facilities 


Field of Operation: Custom-made, Swiss precision components. Whether 
it be electrical, mechanical or electronic devices, RDM is ever ready to 
engineer your components . . . and then manufacture where research and 
development end 





Method: Emphasis on the particular. Component reliability is vital to fine 
devices and can only be assured by undivided attention to the single part 
Quality control at RDM is maintained by a continuous inspection of all 
processes . . . with the final result safely encapsuled. 





Facilities: A complete one-stop service to the manufacturer of. precision 
devices. All precision primary and secondary processes are accomplished 
under one roof. RDM alone assumes full responsibility for the dependable 
reproduction of your most exacting specifications .-. . and for delivery on 
time. Costly and time-consuming bottlenecks are eliminated when you make 
RDM part of your production line 





That’s the story of RDM in a capsule quality, reliability, economy on 
crucially precise components. 





Our brochure is more detailed. Write. 







pMERICAN N 
t 44 
RDA. 
< - ctl o% 


\s* 









SWiss PREC 


RESEARCH DEVELOPMENT MANUFACTURE, INC. 


431 E—E. COLLOM STREET, PHILADELPHIA 44, PENNSYLVANIA 





PINIONS . GEARS . SHAFTS . PivoTS . BEARINGS . SPECIAL SCREWS 
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Need TRANSFORMERS? 


WE MAKE THE KIND YOU WANT? 











Acme Electric has been making quality transformers for thirty-six years. 
Our manufacturing facilities can provide adequate production to fill your 
requirements. Our research and engineering departments can help you 
design transformer components with high performance characteristics and 
long life service. The units illustrated represent but a small part of the 
complete lines of transformers we produce. Your inquiry will receive 
prompt attention. 











NITROGEN FILLED 
ENCASED 
FOR AVIATION APPLICATION 


FUNGI PROOF 
MILITARY TRANSFORMERS 





il ibhing 
i=] 





TELEVISION 
TRANSFORMERS 


SPECIAL ELECTRONIC 
TRANSFORMERS 








STEPDOWN AND 
VOLTAGE REGULATING 
TRANSFORMERS 


CONTROL 
TRANSFORMERS 





ACME ELECTRIC CORPORATION 
MAIN PLANT: 6810 Water Street . 


West Coast Engineering Laboratories: 1375 W. Jefferson Bivd., Los Angeles, Cal. 
In Canada: Acme Electric Corp., Ltd. + 50 North Line Rd. Toronto, Ont. 
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Cuba, N. Y. 


SAFER 
MORE CONVENIENT 


MORE ATTRACTIVE 
EASIER TO USE 
EASIER TO MAINTAIN 
EASIER TO SELL 
of RAAAAAAAARAAAL 


Pgigevitadaargapeegnvs 









POWER SUPPLY CORDS 


UNDERWRITERS’ APPROVED 


No. 18 SV (Neoprene Jacket) in 
2 Conductor 

No. 18 $JO in 2, 3 and 4 Cond. 

No. 16 $JO in 2, 3 and 4 Cond. 

No. 14 SO in 2, 3 and 4 Cond. 

No. 12 SO in 2, 3 and 4 Cond. 

No. 18 HSJ in 2 Cond 


Furnished in 48” coiled mandrel 
lengths or, on special order, in 
combinations of coiled and straight 
sections and with tangent ends. 
Can be terminated in same man- 
ner os conventional cords. 


COMMUNICATIONS CORDS 


With Tinsel conductors for extreme 
flexibility or No. 23 A.W.G. 
stranded conductors. Stocked in 2, 
3, 4 and 5 conductor. Other spe- 
cial cords available including 19 
and 37 conductor (No. 23 A.W.G.) 
shielded and unshielded cords. 
Ask us about special applications 
Furnished in 48” coiled mandrel 
lengths or, on special order, in 
combinations of coiled and straight 
sections and with tangent ends. 


TYPICAL USES FOR 
KOILED KORDS: 


© Electronic Movable Rack 
Mountings * Mobile Radios * 
Hoists * Telephones * Railway 
Sewing Machines * Air Condi- 
tioning Units ® Dictating Machines 
® Portable Floodlights * Machine 
Tools © Photographic Equipment 
® Drive-in Theatre Speakers & 
Heaters ® Microphones ®* Instru- 
ments and many others. * 


twconrpoeateo 
re OX K; NEW HAVEN 14, CONN. 
pes 
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with a complete 
discussion of 
hermetically sealed 


TERMINALS and MULTIPLE HEADERS 
tncladang: we tier 


E-I STANDARD TYPES — Offering a quick solution to problems 
relating to sealed terminals. Complete information on standard 
sealed leads, standard multiple headers, octal plug-in headers and 
end seals is contained in these helpful catalogs. 


1. HERMETICALLY-SEALED STANDARD MULTIPLE HEADERS 
2. HERMETICALLY-SEALED STANDARD TERMINALS 

3. SPECIAL MULTIPLE HEADERS 

4. SPECIAL PLUG-IN HEADERS 


5S. COLOR-CODED TERMINALS 6, END SEALS 


E-I SPECIAL TYPES—Where applications indicate special de- 
signs, custom seals to specifications can be supplied at economical 
prices based on mass production methods. Recommendations will be 
made without obligation on receipt of your drawings or rough 
sketches. Please mention approximate quantities needed. 





ENGINEERS AND DESIGNERS! Request your E-I handy file folder, now. 


ELECTRICAL INDUSTRIES ¢ INC 
44 SUMMER AVENUE, NEWARK 4, NEW JERSEY = 
MANUFACTURERS OF SPECIALIZED ELECTRONIC EQUIPMENT 










E ae. ‘ ey d r, , oda TiPtl WEADERS 
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PV Er Ms arly 


TERMINALS 





THERE’S MUCH THAT’S NEW 
IN THE FIELD OF MAGNET 


WIRE 


OUR SPECIALIZED 
EXPERIENCE 
MAY BE HELPFUL 


Today, with many new t¢wpes of insulation 
available .. . new standardg$ and specifications 

. . new test and quality control procedures... 
Wheeler’s 43 years of experienca as magnet wire 
manufacturing specialists may be very helpful in 
deciding the best type of wire to use for your 
particular applications. 


SEND FOR 
NEW MAGNET 
WIRE SHEETS 


Wheeler, as a division of The Sperry Corpora- 
tion, has developed an engineering staff excep- 
tionally skilled in the magnet wire needs of 
precision electrical and electronic equipment 
manufacturers, with special emphasis on the 
smaller wire sizes and close control of electrical 
specifications. Production-wise, our exceptional 





. eat GuTNNN memETeS wey we 
facilities carry through from raw copper wire to ow: 


the finished, insulated and tested product . a 

under one roof and under one high standard of 

quality control every step of the way. We will be glad to 
send you this practical 


' , engineering data fold 
Your problems in Magnet Wire may safely be er. Just » Pra Aer pas 


entrusted to our experts . . . whether standard outline of your stand 
or special . . . and including completed coils, ¢ oF special needs 
transformers and other wire-wound components. 

We welcome your inquiries. 








MAGNET WIRE 
COILS 


COMMUNICATIONS 
EQUIPMENT 


wh M c t L ft b TRANSFORMERS 
_ 
MAKES THESE PRODUCTS A ect 
THE WHEELER INSULATED WIRE COMPANY, Inc. 


Division of The Sperry Corp. © 1121 EAST AURORA ST., WATERBURY 20, CONN. 
13WHS53 





















SWITCHES 


for every use 





The basic precision snap-acting 
switch for control of electric cir- 
cuits; solder-lug terminals. UL listed 
at 15 amp. 125 volts a-c. 





o™ TYPE MXM-1 
: Safety interlock 
i. switch with auto- 
matic ‘‘cheater re- 
lease”. 








TYPE MXT-1-Z-131 
Has _hinged-leaf 


> 
actuator with ad- 
justable operating 
point. 


ui 








TYPE MX-5 
Basic switch with 
integral screw ter- 
minals. 





TYPE KMXB-2EF 
In metal case, 
with plunger seal- 
ed against dust 
and moisture. 








UNIMAX 


460 WEST 34th ST., NEW YORK 1,N.¥. 


TY PE KMXR-2EB 
In metal case, 
with roller-style 
over-travel plung- 








TYPE MXR-1 
With _ roller-style 
over-travel plung- 
er. 








For detailed charac- 


SIZE) teristics of these and 


many more Unimax 


( 





precision switches, 
lig write for your free 
WZ copy of our latest cat- 


alog. 


SWITCH 
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PERFECT CONNECTIONS 
Every [ime ! 


with BUCHANAN pres-SURE-connectors 
TOOL for both SPLICING ond TERMINATING 









BUCHANAN’S new high efficiency precision tool 
with exclusive 4-way crimp insures wiring con- 
nections of maximum electrical and mechanical 
efficiency over an extremely broad range of 
wire sizes. 


Only 2 sizes of Splice Caps with vinyl plastic 
snap-on insulators for splicing all wire combina- 
tions from 2 #18 to 3 #8. 


Only 1 size TERMEND® Lug for terminating all wire 
sizes from #16 to #8. 


@ Write today for new catalog and see for your- 
self why more and more Buchanan pres-SURE- 
connectors are being specified and used. 


ELECTRICAL PRODUCTS CORPORATION 
Hillside, New Jersey 











Heavy-Duty BUSHEND® insulated ~) 
MOLDED METALLIC } 
TERMINAL ’ CONDUIT ( 

BLOCKS BUSHINGS \ =", 


WRITE FOR CATALOG B81 
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The Finest 


ELECTRICAL 
CONNECTOR 


MONEY CAN 





\“ 


SCI \ FLEX ASSURES 
LOW MAINTENANCE BECAUSE 
IT PERMITS SIMPLICITY 





When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to + 275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on reque St. 


* Moisture-Proof « Radio Quiet « Single Piece Inserts ¢ Vibration-Proof « 
Light Weight « High Insulation Resistance « High Resistance to Fuels 
and Oils « Fungus Resistant « Easy Assembly and Disassembly « 
Fewer Parts than any other Connector « No additional solder required 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of Bendix 
SIDNEY, NEW YORK euetee sonedberen 


Export Sales: Bendix International Division, 205 East 42nd St. New York 17, N. Y. 


FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. © Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan © Brouwer Bidg., 176 W. Wisconsin 
Avenve, Milwaukee, Wisconsin © 582 Market Street, San Francisco 4, California. 
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ROYAL ELECTRIC COMPANY, Inc., PAWTUCKET, R. I. 
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TIMERS 


WILL MAKE YOUR PROCESS 


“AUTOMATIC” 









CYCL-FLEX 


MULTI-FLEX 







Through many years of 
experience in the timing 
field, Eagle has developed 
an individual timer to 
meet each individual timing 
problem. Eagle’s large selection of 
timers is your best insurance of 
receiving the right timer to speed up your 
production, to reduce error, and 

deliver greater profit from your process. 
Take advantage of Eagle’s experienced 
engineering department. Ask them what 
Eagle timing can do for you. 


EAGLE 7 bes 





SEND EAGLE YOUR PROBLEM 


Ot wile for bulletive 350 


FLEXOPULSE 


_ 
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for every application... 


From extremely sensitive to heavy duty relays whatever the 
need . .. you'll find Signal Engineering Relays built to meet the 


severest operating conditions. 


Backed by more than a quarter-century of specialized engineering 
experience, each relay embodies design features which insure accurate, 
efficient and dependabl 
performance. That is why 


operations to meet exacting standards of 
whenever performance counts 

Signal Engineering Relays are used as components by many of the 
largest manufacturers of electronic equipment and devices, and for 


other control operations by leading industrial firms everywhere. 

Many of our relays are designed to meet Navy and military applica- 
tions without modification. Other standard relays available, or relay 
assemblies modified to fit various armed services’ requirements. 

Tell us your requirements and we will gladly submit our recommenda- 
ions. 


WRITE FOR LITERATURE PE-54 


Engineering Representatives in Principal Cities 


ENGINEERING & MFG. CO. 


154 WEST 14™ ST. NEW YORK 1l 


pe 
i i 





Catalogs 
and 
Bulletins 





Request additional information using 
postcards following page 24 


(U-1) ELECTRICAL WIRES AND 
CABLES—United States Rubber Co 
Catalog, 186 pp. Contains data on con- 
struction and operating characteristics 
for control and signal cables, railroad 
wire and cables, wire and cables for 
building industry, telephone wire and 
cables, mine cables and portable cords 
An engineering data section is also 
included 


(U-2) TRANSFORMER LAMINA 
TIONS—Allegheny Ludlum Steel Co., 
Catalog EM3, 124 pp. Technical infor 
mation and full-size drawings of all 
available standard shapes obtainable in 
a number of magnetic materials and 
a variety of thicknesses. Each lamina- 
tion provided with a weight table. 


(U-3) TRANSFORMER GUIDE 

General Electric Co. Catalog GEA- 
1626 F, 102 pp. Contains ratings, and 
ASA accuracy classifications of indoor 
and outdoor potential and current 
transformers. Has photo of each type 


(U-4) RELAYS AND SWITCHES 

Automatic Electric Sales Corp., Cata 
log 4071-F, 88 pp. Describes and illus- 
trates class A, B, ¢ 
F and Z hermetically sealed relays, po- 
larized relays, oil dashpot relays, spe 
ial purpose relays, and relay mount 


and §S relays, class 


ings. Also has a section of reference 
data. A special section discusses step 
ping switches, solenoids, electric coun 
ters, spark suppression apparatus, with 
a special table of characteristics of au 
tomatic electric relays 


(U-5) ELECTRIC POWER CON 
TROLS—cCutler-Hammer Inc., Booklet 
M-78A, 80 pp. Many illustrations and 
information on 


complete magnetic 


brakes, clutches and separators; d-~ 
and a-c manual starters and regulators 
and drum controls; rheostats: a-c mag 
netic squirrel cage controls; a-c and d-« 


accessories: and other components 


(U-6) D-C SOLENOIDS Cannon 
Electric Co., Bulletin DCS3, 72 pp 
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D. B. FLOWER MFG. CO., 1217 SPRING GARDEN ST., PHILA. 23, PA. 
POplar 5-4224 


FLOWER 


frode Mork 








PHILADELPHIA 


SINCE 
1909 





BRUSH HOLDERS 


‘For ALL TYPES OF 
MOTORS and GENERATORS 


Specify FLOWER, job-designed brush holders 
for new equipment and replacement—more 
than 1000 types available. Individual designs 
for particular applications 





ev 


INDUSTRIAL bo gh] 
TYPE 85 





Il 






FLOWER FEATURES. Cast brass body and pres- 
sure finger: special spring material and design, a 
protective finishes on iron and steel parts 
when used; amply proportioned; accurately 
machined; notched arm spring adjustment. 


MILL 
TYPE mc 
. 


PATENTED FLOWER FEATURES. Capstan stud 
spring adjustment; micro-gear spring adjust- 
ment; reversible and renewable boxes. 





, & 


WRITE FOR CATALOG AH 
D. B. FLOWER MANUFACTURING COMPANY 





MICRO ADJUSTMENT eaenn f ~ h- maad 
TYPE CW 






SPECIAL 
DOUBLE TANDEM 
SPECIAL ASSEMBLY—SK498A MINE TYPE SK 477 


HM SERIES 





TANDEM SLIP RING 


V2 CONTROLLER 





3 MILL 
CW SERIES 


D. B. FLOWER MANUFACTURING COMPANY 
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FIRST CHOICE 
FOR 
MINIATURE 
PRE-SET 
THERMOSTATS 











FOR SAFETY OR 
OPERATING CONTROL 
APPLICATIONS 








Thermostats illustrated are 


actual size 





Preset calibration 
Compact—Sturdy—Dependable 
Uniform performance 
Tomper-proof—Dust-proof 

Readily applied without redesigning 
or retooling 

6. Automatically disconnects circuit at 
dangerous operating temperatures 


vVaewn = 


7. Automatically reconnects circuit at 
safe operating temperature 


8. Many installations tested in excess 
of 1,000,000 cycles 
9. Adds years of service life to frac- 


tional HP motors and appliances 


10. Standard capacities from 2 to 8 
amperes, 115 volt A.C 


11. Lead connections optional 
12. Economical 
13. Samples supplied on request 











EASY TO 
INSTALL 


The compact size of Mighty Mite Thermal 
Controls lend them to casily adapted ap- 
assemblies 
Mighty Mite is 
in sub-fractional stator 


plication to most electrical 


Illustration shows how 
installed 
Other 


n windings 


motor 


applications include installation 


coils, close to laminations 


r wherever generated heat becomes oa 


danger point 





















2 





DUAL ACTION 
MIGHTY-MITE 


control 


1. An accurate operating 
line use 


Insulate 


3. Super-sensitive 


tion 


MECHANICAL INDUSTRIES PRODU 


217 ASU iSTREET © 





Ise 


AKRON 2, 


for production 


d case provides maximum safety 
to temperature varia 


4. Dielectric rating over 1300 volts 


5. Preset calibration within 
close tempera 


ture range from 32° to 


limits over 


OHIO 


Product Engineering 





Shows 82 types of d-c solenoids in 5 
shell diameters and 25 different coil 
windings for intermittent and continu- 
ous duty. Has photos, dimensional 
sketches, sectional views, charts, and 
applications. | ngineering data include 
duty cycle, rated voltage, stroke, cur 
rent drain, ambient temperature, and 
tractive force of each type 


(U-7) RESISTORS — Ward Leonard 
Electric Co., Catalog 15, 64 pp. Listed 
are seven distinct stock type resistors, 
and a variety of made-to-order types 
Ratings range from 50 to 550 watts, 
while resistance values listed are from 
0.04 ohm to 1.75 megohms. Full de 
tails on terminals, mountings and en 
closures are also given, as well as selec 
tion and application data with numer- 
ous detail charts and useful data tables 


(U-8) ELECTRONIC COOLING 
EQUIPMENT~— Rotron Mfg. Co. In 

Catalog 2, 60 pp Complete informa 
tion, specifications operation curves 
and other data on a line of cooling de 
vices for electronic equipment. Covers 
tube data, blowers; fans; heat exchang 
ers, tube supports; controls; auxiliaries 
and application data. Illustrations of 
all models 


(U-9) ELECTRIC HEATERS—Gen 
eral Electric Co., Bulletin GEC-1005D 
60 pp. Describes the Calrod equipment 
in terms of application, special features 
installation, and pricing. It is indexed 
by process and application, and contains 
methods of determining power requir 

ments and heat losses by application 
Covers cartridge 
tubular 


immersion; 


strip 


insertion: and fin heaters 


(U-10) ELECTRICAL PRODUCTS 
Eagle Electric Mfg. Co., Catalog, 48 
1400 electrical wir 


pp Contains over 

I 

ing devices, lamps and speciality prod 
ucts. Has full information on such 


products as: expansion and cord sets 


fuses, lamps, wall plates, push buttons 
range cord, and outlets, nichrome wir 


and elements and staples 


(U-11) PRECISION POTENTIO 
METERS—The Lelipot Corp., ¢ atalog 


10 pp. Gives general specifications, all 


characteristics, and other engineering 
information on a line of single and 
multi-turn potentiometers, and_ the 


I 
Has 


duodials many illustrations and 


graphs 


(U-12) VARIABLE RESISTORS 

Chicago Telephone Supply Corp., Cat 
alog, 38 pp. Contains illustrations and 
descriptions ot its new military and 
civilian line of composition and wir 


wound variable resistors. Rangers from 


ly, w, 9%, in 
diameter Contains electrical, n 


ical, and other characteristics 


dia. to 4 w, 1 17/32 in 


han 
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computers 
and control 


determine the mode! 


Product Engineering 










he versatility of these three series 
of single turn, continuous rotation 
Helipots makes them ideal for such 


uses aS servo systems analog 


PH indication 
level indication and 


control telemetering circuits 


. color analysis and control 
navigation aids radar 


indicators . .. laboratory 


instruments, and many more. Your 


particular requirements will 
the number 
of ganged sections . . . the 


number and placement of tap 
connections 


. the style of 

. and other 
characteristics best suited to 
your needs 


mounting 











Qicle lane 


First in precision] potentiometers 


Here are three models of single turn, con- 
tinuous rotation Helipots . . . each available 
from stock in a wide range of resistance 
values. All three feature the rugged depend- 
ability . . . the high degree of precision . . . 
the proven design characteristics ... that you 
expect of every Helipot. Among their many 
features are the copper mandrel which ef- 
fectively dissipates heat . . . the spot-welded 
connections (no pressure-type connections are 
used in any Helipot model) . . . the provision 
for easy, accurate phasing on the job . . . the 
wide choice of mounting styles, number of 
ganged sections, number of additional tap 
connections, etc. And like all Helipot models, 
they are available in variations to meet your 
exact specifications. 


Below is a Quick-Reference-Guide to the J, L, and Y Series Helipots. 
For complete information, write for Data File 1031. 
Model Y Series 


Model | Series Model L Series 















Diam. 1%” oad ” 
— 50—50,000 ohms (b) 50--50,000 ohms (b) 50—100,000 ohms (v) 
Henn ~ 2.5 watts 4 watts 5 watts 
Elec 8° +1° 7° +1° 
s + 358° +1 
Coil ” ° 
bt Y ie : 2 
_ a Threaded Bushing (Spec.). L—Threaded Bushing. 
YS—Servo Flange, ee Servo Flange, Ball Bearing ita). LS Serve Flange, ay 
"Mounting YSP—Servo Flange, Bearing. SP—Servo Flange, Gall Bearing 
YF—Two-hole Servo, Sleeve Bearing | 
YFP—Two-hole Servo, Ball Bearing. 
Max. No. 
ea : 
(ec) 
= No. 
Connections of a = 
per Section (oy 


(a) Model Y Series Helipots are available in both linear and non-linear versions 
(b) Higher or lower resistance values can be furnished on special order 
(c) Sections can be ganged and tap connections added, during manufacture 


Helipot oivision 


BECKMAN INSTRUMENTS, INC 
SOUTH PASADENA CALIFORNIA 


PLANTS IN SO. PASADENA, CALIF. AND MOUNTAINSIDE, N. J REPRESENTATIVES IN PRINCIPAL CITIES 
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Your choice of a source of supply for 
. insulated wires, will very likely be de- 
termined by the ability of the manufac- 
turer to give you a good quality prod- 
uct at a fair and equitable price. More 


important than this, you will want to 








know that you can rely on the manu- 
facturer you select to stand behind his 
claims for his products, and to give you that extra measure of atten- 
tion and service that comes only from a personal interest in your 
needs and requirements. 

This is why here at Lowell we are sincerely concerned with our 


responsibility towards the accounts we serve. 


LOOK TO LOWELL INSULATED WIRE 


for prompt deliveries and good service 


NEOPRENE TELEPHONE MACHINE TOOL WIRES 
DROP WIRE 








PORTABLE AND SPECIAL WIRES 
FLEXIBLE CORD AND CORDS 














QOWELE INSULATED WIRE DIVISION 
a pie 

OF Jue (Aeltates Coyoration 
1771 LINCOUN STREET --° LOWELL, MASSACHUSETTS 





(U-13) ELECTRICAL RESISTANCE 
INSTRUMENTS—Tech Laboratories. 
Catalog, 38 pp. Specifications and other 
data on a line of precision electrical 
resistance instruments and electronic 
devices. Covered are: attenuators; 
potentiometers; portable gain set; dec- 
ade units; viscosity meter; automatic 
timer megohmbridge; decade boxes, 
and others. 


(U-14) ELECTRONIC COMPON- 
ENTS—Centralab, Catalog 28, 32 pp. 
Covers a complete line of volume con- 
trols; switches, capacitors, printed elec- 
tronic circuits; and steatite insulators. 
Each topic has illustrations, engineering 
diagrams, curves, and complete speci- 
fications on the various models avail- 
able 


(U-15) ELECTRONIC INSTRU- 
MENTATION — Berkeley Scientific 
Div. Booklet, 32 pp. Contains a de- 
scription of electronic instruments pro- 
viding direct-reading digital presenta- 
tion of information and their principal 
industrial applications. Covers high- 
speed counting, counting plus control, 
precise interval timing, rpm measure- 
ment, pressure temperature, flow, fre- 
quency, and others 


(U-16) LOW VOLTAGE SWITCH- 
GEAR—General Electric Co., Bulletins 
GEA-5915, and 5916, 32 pp. Has 
many illustrations of a line of low- 
voltage drawout switchgear, 600v a-c 
and below, with standardized compatt- 
ment construction and new air circuit 
breakers. Continuous current ratings 
range from 15 to 400 amps 


(U-17) ELECTRICAL INSULA- 
TIONS—Johns-Manville Co., Booklet 
EL-40A, 32 pp. Complete information 
about electrical insulations made of 
purified asbestos, why they were de- 
veloped, what their characteristics are, 
and where they may be used to ad- 
vantage, Tables give test data on 
physical and electrical properties. 


(U-18) ELECTRIC & ELECTRONIC 
COMPONENTS—tThe Sealtron Co., 
Catalog S-53, 32 pp. Has photos, dia- 
grams, and data covering 1,600 stock 
seals and special assemblies. Also shows 
line of electronic and electrical control 
systems, test equipment, components, 
and communications equipment. Has 
line drawings and specifications for 
each component 


(U-19) THERMOSTATIC BI- 
METAL—W. M. Chace Co., Brooklyn, 
32 pp. Entitled ‘Successful Applica- 
tions of Thermostatic Bi-Metal’’, it has 
a summary on thermostatic bi-metal 
and contains 18 uses of bi-metal as an 
actuating element in temperature re- 
sponsive devices, and condensed en 
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thig 
man 
: has 
(Ge WaVer 


in his veins ! 


Of course he’d never volunteer to give blood, 
anyway. But any resemblance of this old duffer 
to the average, red-blooded American is a 
mistake. 


























For instance, several million healthy Ameri- 
cans have given blood. But it’s not enough. 


So this is to tell several million more Americans 
that their blood is needed—now! 

We’ve never let anyone down who was in 
trouble. When a GI gets wounded and suffers 
shock—he’s in bad trouble. He’s got to have 
blood and lots of it! Folks here at home need 
blood too—to save their lives. 




















BUSINESS EXECUTIVES 
CHECK THESE QUESTIONS 


lf you can answer “yes” to most of them, you—and your company— 
are doing a needed job for the National Blood Program. So make a date with your Red Cross, Armed 


Forces or Community Blood Donor Center. 


HAVE YOU GIVEN YOUR EM 
PLOYEES TIME OFF TO MAKE 
BLOOD DONATIONS 


HAS YOUR COMPANY GIVEN 
ANY RECOGNITION TO 
DONORS 


HAS YOUR MANAGEMENT EN 
DORSED THE LOCAL BLOOD 
DONOR PROGRAM? 
HAVE YOU INFORMED EM 


PLOYEES OF YOUR COMPANY'S 
PLAN OF CO-OPERATION? 


One hour and you’re on your way. 





COMPANY IN OR HOUSE MAGAZINE? 


HAVE YOU ARRANGED TO HAVE 
A BLOODMOBILE MAKE REGU 
LAR VISITS 


HAVE YOU CONDUCTED A 
DONOR PLEDGE CAMPAIGN IN 
YOUR COMPANY? 


DO YOU HAVE A BLOOD WAS THIS INFORMATION 
DONOR HONOR ROLLIN YOUR GIVEN THROUGH PLANT BUL 
LET 
HAVE YOU SET UP A LIST OF 
VOLUNTEERS SO THAT EFFI 
CIENT PLANS CAN BE MADE 
FOR SCHEDULING DONORS 
Remember, as long as a single pint of blood may mean the difference 
between life and death for any American . . the need for blood is urgent! 


















GIV 
BLOO 


.. give it again and again 





NATIONAL BLOOD PROGRAM 
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Standard 







AN ECONOMICAL INVESTMENT IN 
LONG-LIFE PERFORMANCE AND 
EXTREME ACCURACY. RUGGED, FOR 
HEAVY-DUTY SERVICE: FLEXIBLE IN 
APPLICATION. 


Scale | 


' 
| 
Divisions Totalizes 


, Accuracy 


} sisines 
5 sec 60 min 1 sec 


5 sec x mT. 


100 min 60 min 


—= 


002 + min 
10 sec | 1000 : sec 


1 1000 min 
1 100 sec 
T 
MST 11 1000 sec 


10 min 0002 min 
60 sec 
360 sec 


30 sec 


=.01 sec 
001 sec 
002 | sec 


MST 5300/1 1000 sec 





The clutch coil can be connected directly in the plate circuit of 
electronic tubes. For this use the coil has a resistance of 2000 ohms 
and requires 50 to 60 milliamperes. When ordering for this — 
always specify 120V DC clutch coil. Write for Bulletin 198. 


HE Standard Electric Time Lo. 
123 Logan Street 


sour ceo 1884 


Springfield, Mass. 


Shock-absorbing bumpers cushion 
stroke, assure longer service life 


Silicon steel laminations give high 
efficiency 


Tempered steel spring absorbs vi- 
bration — holds assembly firmly 
in alignment 


Hardened beryllium-copper plun- 
ger guide reduces friction and 
wear 


PPE ST Oo PPP, 


Heavy Formvar insulated magnet 
wire on high flow point. molded 
nylon bobbin 


INDUSTRIAL 
oon 9OLENOIDS 


Four to twenty pounds—push 
or pull. 






Built better for longer service. 
Shock mounted to reduce self- 


destruction. Stroke to one inch maximum. 
Designed to meet J.1.C. spec- A.C. or D. C. models. 
ifications. 


Special solenoid problems engineered to your needs. 


YETROIT COIL COMPANY 


2435 HILTON ROAD «+ DETROIT 20, (FERNDALE) MICHIGAN 











gineering data for bi-metal element de 
sign and selection. It is illustrated with 
various types of thermostatic devices 


(U-20) SOLENOIDS Trombetta 
Solenoid Corp., Bulletin, 32 pp. Data 
on a line of explosion-proof solenoids 
oil-immersed solenoids; solenoid oper 
ated shoe brakes; solenoid operated 
disk brakes; recipromotors; and se 
motors. Push and pull types for all 
voltages and frequencies, a-c or d-c; 
push and pull characteristics are the 
same for all frequencies from 25 to 65 
cycles. Has complete characteristics, en 
gineering drawings, and operational 
curves 


(U-21) MICA DIELECTRIC CA 
PACITORS The Sprague Electric 
Co., Catalog 31, 32 pp. Comprehen- 
sive data on a line of transmitter-type 
mica dielectric capacitors conforming 
with Joint Army-Navy specification 
JAN-C-5. Has illustrations, engineer- 
ng drawings, and technical character 
istics of each unit 
(U-22) KEY SWITCHES AND 
CONTROL COMPONENTS—Aut 
matic Electric Sales Corp., Catalog 
1018-C, 28 pages Gives complete spe 
cifications on key switches, lever key 
turn key, push key and limit switches 
lamps, jacks, caps and plugs, terminals 
and cords, target indicators, impulsing 
devices, adjusting tools and rectifiers 
and fuses, illustrations, engineering 
diagrams and popular assemblies are 
given for each item 


(U-23) ELECTRONIC TRANS 
FORMERS—tTriad Transformer Mfg 
Co., Catalog TR-52, 28 pp 
all types of hermetically sealed series 


minature audio 


Dis usses 
transformers trans 
toroids for wave filters, high 
fidelity transformers and amplifier kits, 
me gp 


formers 


transformers, power com 


| 
ponents and power transformers. Also 


has a section on television and audi 


omponents. Each model is illustrat 


with specifications given for cn 

(U-24) SELENIUM RESTIFIER 
STACKS General Electric, GET 
2350, 28 pp. Desc ribes the basic char 


ucteristics and the applications of selen 
ium rectifier stacks. Has charts, graphs 
ind tables illustrating the principles of 
rectification, and the characteristics 
nanufacture ircuit design, and 


plication of selenium rectifiers 


(U-25) SOLENOIDS COILS 
TRANSFORMERS Dormeyer Ir 
dustries, Catalog 20, 20 pp. Illustrates 
various sized solenoids, with engineer 

g drawings and performance curves 
of each. Lists applications. Illustrates a 
variety of coils, with paper section, 


form wound, and bobbin wound types 
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10. 


11. 
12. 


13. 
14, 


15. 


Product Engineering 


Cc MGs ) gives you a complete variety of 


sizes and types of Synchros and Servo Motors 


WHATEVER THE NEED 
CHOOSE KETAY! 


dvailable as listed 


S CHRO. § 16. O.D. 1.5 l \ 100 Cveles 
Rece rf ] former) 
NDUCTION MOTOR, O.D. 1.75 hase 2 Pole, 
> * mm ¢ les 
SYNCHRO, Size 18, O.D. 1.750 115 V, 400 and 
60 Cy 4 (Tr mitter, Receiver, Differential, 
Control Tr former) 

SERVO MOTOR, O.D. .937". 26V. 400 Cycles 
SYNCHRO, O.D. 1.437", 14.4 V a 26 V. 400 Cycles 
Transm rR , Differential, 

f ral Tr 
SERVO MOTOR Mk 7. O.D j 115 V. 400 
( < 
SYNCHRO, Type IF or IHC, O.D. 2.250" 115 V, 
60 « 4 (Re er, Tr ” er) 
SYNCHRO, Size 31, O.D } 115 V 400 and 60 
( es (Tr mitter, Receiver, Differential, 
( 7 ; 7 
SYNCHRO, Size 23. O.D. 2.250", 26 V and 115 V 400 
& 60 Cycles (Transm r, Receiver, Resolver, 
Differer 1, Control Transformer) 
SYNCHRO, O.D. .937", 26 V, 400 Cycles 
Transmitter, Receiver, Re er, Differential, 
Control Transformer 
LINEAR TYPE CONTROL TRANSFORMER, O.D. 
1.625”, 26 V, 400 Cycles 
SYNCHRO. Size 11. O.D. 1.062", 26 V and 115 V, 
400 Cycles (Tr smitter, Receiver, Resolver, 
Differen l, ¢ rol Transformer) 
SERVO MOTOR, O.D. 1.062”, 115 V, 400 Cycles 


SYNCHRO. Size 15. O.D. 1.437", 26 V and 115 V, 


100 Cycles (Transmitter, Receiver, Resolver, 
Differential, Control Transformer) 
SYNCHRO, Size 19, O.D. 1.90", 115 V, 400 Cycles 
(Transmitter, Receiver, Control Transformer) 
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K eray offers high precision rotary and instrument components 
for most every need in the Armed Forces and Industry. As 

the world’s largest producer of government approved synchros, 
Ketay stands ready to solve your problems with a complete 

line of synchros, servos, magnetic amplifiers, computers 

and control systems. 

If you are searching for a specific size or type... if availability 

is a problem...if engineering counsel is needed... 

Ketay can help. Why not join us for an exploratory discussion 

of your particular problem. Write today to Dept. RK 


eS COL cntumantotsiin CORP. 





Executive Offices West Coast Sales 
555 Broadway ” 12833 Simms Avenve 
New York 12, N. Y. Hawthorne, California 
DESIGN 
DEVELOPMENT 
MANUFACTURE . of precision instruments components, systems, 


Kinetix Instrument Division ¢ Marine Division « Pacific Division « 
New York Division e Research & Development Division 
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Problem: The Advance Electric and Relay 
Co. of Burbank, California was called 
upon by the military to produce a her- 
metically sealed relay to very tight size 
and weight specifications. This called for 
eliminating traditional internal bracing. 





Solution: A Fusite glass-to-steel plug-in type - 
hermetic terminal played a large part in the ' ; F ‘ 
design of the Advance “Tiny Mite” Relay. : 
Working in close cooperation, Fusite adapted 

its standard octal plug-in terminal to a projec- 

tion welded bracket on which the entire relay 

mechanism was hung. Thus the terminal be- 

came a structural part as well as a seal. 

Because of their extreme rugged construction, 

Fusite terminals are often being called on to 


do more than conduct electricity in and out 
of sealed units. 


ANCHORED-FOR-PERMANENCY 


TRAIN RELIEFS 


Wherever exterior cables or cord conductors are used to 












provide the power source, Gripmaster Strain Reliefs 
offer positive proof against cable failure. These inex- 
pensive, easy to install safeguards securely anchor the 
cord at entry point and prevent loosening at the termi- 
nals. Withstand pulls to 100 Ibs.; Underwriters accepted. 


3 types, many sizes, to fit any cord or cable connection. 





















A low cost strain relief easily ap- 
plied to the end of a cable or con- 
ductor with a pair of special pliers 

) Made in one piece and available 
in five sizes. Sturdy wing end con- 
struction permits cable to be firmly 
anchored and protects terminals 

4 against loosening 


GRIPMASTER CLICKON TYPE 


All fibre, this type is designed to re- 
duce failures and protect the useful 


life of power cables and cords on 
electrical appliances and machines. 
Clicks on, locks in position. Tight grip 


absorbs cord pull and prevents un- 
ravelling of insulation. 7 sizes. 














For all types of cord equipped elec- 
trical equipment. Particularly svited 
to volume production. May be ap- 
plied by meons of a special hand 
tool or foot pedal—operation 
bench unit. Forms a neat, compact 
ring oround cable. Available in 7 
different sizes 


J 6,64 


WIRE BINDING SLEEVES 


For prevention of fraying of 
cord ends. Specially treated 
rubber tubes available in 
five sizes to fit wires to .790 


om FUSIT Econronanon GEORGE WALKER COMPANY 
6000 FERNVIEW AVENUE EXCLUSIVE MANUFACTURERS OF GR PMASTER STRAIN RELIEF 
CINCINNATI 13, OHIO 118 AMSTERDAM AVENUE PASSAIC NEW JERSEY 


Moral: When you have a problem in hermetic 
sealing, let the Fusite engineers in on it 
early in the game. Chances are we can 
save you time and money in the design 
of your electrical product. 


WRITE for catalog or tell us your needs 
for actual samples Dept. P-1. 
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available. Transformers range in size 
from one V.A. to 3 K.V.A. for every 
purpose 


(U-26) PRECISION SWITCHES 

Micro, Catalog 82, 24 pp. Covers 
safety, limit, and interlock switches for 
switching a-c circuits in industrial and 
commercial applications. Also includes 
mechanical and electrical characteristics 
and capacities, and other information 
on; heavy duty precision limit switches, 
metal housed switches, and other sealed 


switches 
(U-27) ELECTRICAL LAMINA- 
TIONS Thomas & Skinner Steel 


Bulletin L-752, 24 pp 
advanced techniques, general 
specifications, material applications, 
and comparison of the typical proper- 


Products Co.. 


Gives 


ties of thin steel laminations of iron 
silicon alloys. Has many graphs of 


electrical characteristics, and lamination 
drawings and dimensions 


(U-28) RELAYS—Sterling Engineer- 
ing Co. Inc., Catalog 53, 24 pp. Has 
illustration, description, operational 
data, and specifications for: long and 
short coil telephone types; 3 miniature 
types; a two coil variation of the long 
telephone type; a-c multi-contact types; 


and sealed and plug-in units. List 
standard wiring diagrams and coil 
types 

(U-29) RESISTORS, RHEOSTATS 


Ohmite Mfg. Co., Catalog 24, 20 pp. 
Illustrates and provides complete data, 
including sizes and prices on vitreous- 
enameled rheostats, composition poten- 
tiometers wire-wound 
resistors, tap switches, radio frequency 
plate chokes, and power line chokes 
Additional information on other prod 


ucts 


and resistors, 


(1 INDEX OF LITERATURE 
Minneapolis-Honeywell Regulator 
Co., Bulletin 100-A, 20 pp. Consists of 
both a numerical listing and an alpha 
betical cross index for specification 
sheets, instrumentation data 
catalogs, and other literature 
are from 
the quarterly publication 


SU ) 


sheets, 
Included 


articles ‘Instrumentation, 


(U-31) MAGAMP REGULATOR 

Westinghouse Electric Corp., Book- 
let B-5468, 19 pp Discusses the use 
of these regulators for various control 
Used for am 
current, it 


ms in steel mills 
plifying voltage 
sists of an iron core, with an a-c output 


} robl 
and con 
winding and one or more d-c control 
windings. Also discusses all character- 


istics of the regulator. Has many il 
lustrations 
(U-32) SERVO COMPONENTS 


Industrial Control Co. Booklet, 18 pp 
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ha@st ron 


RUGGEDIZED and HERMETICALLY SEALED 


panel meters 
and null indicators 









a. 


y 
, 
pha »/stron 
. 1200 






1%”, 2%", 3%” and 4%” sizes. 





Built to JAN-!-6 and MIL-R-10304 specifications, these 
meters incorporate aged Alnico magnets, R.F. shield 
ing, shock mounted jewels, glass-to-metal HERMETIC 
SEALS and RUGGEDIZED, shock mounted construction. 


Manufactured in an air-conditioned, temperature-controlled plant, these 
Environment Free instruments are available in A.C. and D.C. models. 


pha@st ron 


HERMETICALLY SEALED 


‘““CARB-OHMS” 


deposited carbon resistors 


Y to 2 watts HERMETICALLY SEALED in glass (the 
CA-H pictured here) and in a Specification Series 
(the CA-4R) which exceeds MIL-R-10509 spec. for 
fixed, accurate resistors. 


For equipment subject to extremes of temperature, 


for high frequency applications and for closely 
matched units, these conservatively rated resistors 
provide the utmost in stability, precision and de- 


pendobility. 





100% inspection on each “CARB-OHM" assures conformance to specifications and ratings. 


pha©st FOM SENSITIVE MINIATURE RELAYS 


HERMETICALLY SEALED perfectly counter-balanced armature 


Contact arrangements up to and including D.P. D.T 


“ 


- 


3 amp ot 28 volts D.C., or 100 milliamperes at 150 
volts D.C. resistive load. 


This miniature HERMETICALLY SEALED relay is de- 
signed to operate thru wide ranges of environment 
including the shock requirements of MIL-E-5400. It 
will withstand 50 G's acceleration withou! malfunc- 
tioning and its use is recommended wherever ex- 
tremes of shock, temperature and severe vibration 
are encountered. 





Required coil power as low as 20 milliwatts 
Coil resistance up to 15,000 ohms. 
Weight, max. 3.0 oz. 





ENVIRONMENT FREE 
ELECTRICAL FQUIPMENT by 


BEST BY ANY COMPARISON 


ak. 
e+ ilim - me ne ka a ee eS — 


PHAOSTRON COMPANY + 151 PASADENA AVE. « SOUTH PASADENA. CALIF 


Ios 











 WinGla HIGH-FREQUENCY CABLES 
i's Fodlera] for... EVERY H-F TRANSMISSION LINE REQUIREMENT 




















Type Capacitance Inner An Original Development 
Low Temp Zo Per Foot Db /100 Conductor Braid Jacket 
Bik. Jacket Impedance Micro-Micro Freq./Mc Strands + . by Federal 
Std. Jacket Ohms Farads 100 (Mox.) 
RG-5/U RG-5B/U 53.5 28.5 2.9 cl C264 V339 
RG-6/U RG-6A/U 76 20 2.9 cwl CS264 NCV339 RG TYPE 
RG-7/U 100 12.5 2.4 cl C304 V379 
RG-8/U RG-BA/U 52 29.5 2.1 C7/#21 340 v415 CABLES 
RG-9A/U RG-9B/U 52 30 2.3 CS7Z, #21 CS355 NCV430 
RG-10/UF} RG-10A/U 52 29.5 2.1 C7/#21 C340 NCV475 WITH THE NEW 
RG-11/U RG-11A/U 75 20.5 2.15 17/-# 26 C340 V415 
RG-12/U}4 —-RG-12A/U 75 20.5 2.15 17/#26 C340 NCV475 LOW-TEMPERATURE 
RG-13/U RG-13A/U 74 20.5 2.15 17/ #26 C355 V430 NON-CONTAMINATING 
RG-14/U RG-14A/U 52 29.5 1.5 Cl C463 NCV558 
RG-15U 76 20 1.5 THERMOPLASTIC JACKET 
RG-17/U RG-17A/U 52 29.5 95 Cl C760 NCV885 
RG-18/UF¢ —- RG-18A/U 52 29.5 95 Cl C760 NCV945 Two types of jackets are used by Fed- 
RG-19U RG-19A/U 52 29.5 69 Cl C990 NCV1135 eral for its standard coaxial cables. The 
RG-20/Ut+ RG-20A/U 52 29.5 69 Pa C990 NCV1195 first is Poly Vinyl Chloride, a rugged 
RG-21/U RG-21A/U 53 29.5 14.0 aie $264 NCV339 material capable of standing the tests 
RG-22/U RG-22B/U 95 16 44 *C7/0.0152" 1340 V415 of time and temperature. This jacket ma- 
RG-22A/U 95 16 40 *C7/0.0152” 1345 NCV426 terial is contaminating; that is, the mi- 
RG-23/U RG-23A/U 125 12 1.7 *C7/#21 ~~ CB30x440 V960x670 gration of the plasticizer through the 
RG-24/U+4 125 12 17 °C7/#21 C830x440 1034x735 braid into the dielectric results in some 
RG-29/U 53.5 28.5 53 C} C176 PE206 loss of dielectric strength and increase of 
RG-34/U RG-34A/U 7 21.5 1.32 ¢7/#21 C540 V645 attenuation after long use. 
RG-35/uUtt RG-35A/U 71 21.5 90 Cl C760 NCV945 The second is a non-contaminating 
RG-54A/U 58 26.5 3.1 c7/0.0152 T220 PE250 vinyl which has all the properties of 
RG-55/U 53.5 28.5 48 Cl C150 PE184 Poly Vinyl Chloride but will not contam- 
RG-57/U RG-57A/U 95 17 3.0 *C7/#21 T540 V640 inate the dielectric at temperatures 
RG-58/U RG-58B/U 53.5 28.5 5.3 C1 T150 v200 above —25 degrees C. 
RG-58A/U RG-58C/U 2 28.5 6.2 C191 V250 Federal engineers discovered that 
RG-59/U RG-59A/U 73 21 4.0 cwl C191 V¥250 under certain severe operating condi- 
RG-62/U RG-62A/U 93 13.5 27 cwl C340 V415 tions (below —25 degrees C) the second 
RG-63/U RG-63B/U 125 10.0 2.0 cwl C340 V415 type of vinyl jacket would not withstand 
RG-65/U RG-65A/U 950 44 cl T198 PE238 the low temperature. To eliminate con- 
RG-71/U 93 13.5 27 cwl C463 NCV605 tamination and solve the cable indus- 
RG-74/UtF RG-74A/U 5 29 1.5 cl C340 NCV475 try’s problem of meeting cold bend 
RG-79UT4 125 10 2.0 cwl C340 NCV475 requirements of the military services, 
RG-798/Utt 125 10 2.0 cwl C340 NCV475 Federa! developed a new low-tempera- 
RG-86/U 200 7.8 56 *07/#21 ture, non-contaminating thermoplastic 
RG-108/U 76 25 *77/0.0126" 1177 V¥240 jacket—meeting all requirements of the 
RG-111/UFF 95 16 40 *C7/0.0152”" 1345 NCV490 “Exceptions to Specifications JAN-C- 
FTR TYPES 17A” (dated March 21, 1949, and 
K14 72 21 90 Cl C760 NCV885 amendment thereto dated January 9, 
K38 72 22 40  *C7/#30 200 v250 1950). 
KT107 72 22 6.1  *C7/0.012" C191 NCV250 JAN-C-17A requires conditioning of 
K109 160 8.3 8.0 Bl T232 V282 the cable at —40 degrees Cc for 20 
KI09A hours. It is wrapped around a mandrel 
KIN 300 4.2 34 “BI C435x235 V490x290 10 times the diameter of the cable. The 
K113 34 39 45 141/#34 C150 v200 cable is heat-aged for two weeks at 
K115 +80 degrees C. It is then conditioned 
K200 again at —35 degrees C for 20 hours, 
K1201 Phos. B7/0.0254” PEI85 and another cold bend test applied. At 
no time during the bend tests can frac- 
C—Copper, T—Tinned Copper, S—Silver Plate Copper, B—Bronze, OD in mils. tures or cracks appear on either the 
X V—Vinyl, PE —Polyethyline, NCV—Non-contaminating Vinyl, OD in mils jacket or the dielectric. 
A See information in Column to right under RG Type Cables The new RG types are outstanding for 
TT Armored their longer service life under the most 
" 2 inner Conductors adverse conditions. Their non-contamin- 
” Inner Conductor Strands column indicates material by same abbreviation as 


ating feature means there is no reduc- 
tion in dielectric strength due to molec- 
ular migration. They are a primary 
Write for Federal's Catalog on HF Cables. An informative guide to example of Federal leadership in the 
characteristics and applications of the industry's most comprehensive development and production of top- 
line of high quality HF Cables. Address Dept. D-6122. quality H-F coaxial cables. 


») Federal Telephone and Radio Company 


eed — 
arr} 100 KINGSLAND ROAD, CLIFTON, NEW JERSEY In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P 


Export Distributors: International Standard Electric Corp., 67 Broad St., N.Y 


CW — copperweld 
FOR COMPLETE DATA 
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~ RADIO-TV SELEI 


Ae a) 





The revolutionary circuit elements that have 
led the way to important design advances in 
TELEVISION & RADIO RECEIVERS & ELECTRONIC EQUIPMENT 


Wherever DC power is required there is a Federal Radio-TV Selenium Rectifier to do the job . . . 



































FOR COMPLETE DATA: Write for Federal’s Data Booklet on 


HIGH VOLTAGE 
Sel , 
SELENIUM RECTIFIERS eoplicetions of the industry's mest Comprehestive lin at’ Kee 


quality rectifiers. Address Dept. F-6122 


and do it with an efficiency and reliability that is backed by the outstanding reputation of Fed- 
eral—America’s first and largest manufacturer of Selenium Rectifiers. 
Min Peak 
Max. , Inverse Peak AConstruction 
@F edera! Output Max. input (RMS) Res. Volts Current an , 
Cat. No. MA-DC Volts MA Ohms (Max.) (Max.) Nom. Cell Size Application 
1159 20 130 54 50 380 200 %* Dis. (1) B + Goosen Sm 
1263A 65 130 175 22 380 650 11/16" Square (E) 8 + Radio, UHF Converter 
1002A 65 130 175 22 380 650 1” Sq. (E) B + AC-DC (5 tube) 
1003A 75 130 200 22 380 750 1” Sa. (E) B + 3-wey Redios 
1101A 100 130 270 22 380 1000 1” Sq. (E) B + Radios, Television 
1004A 100 130 270 22 380 1000 1%" Sa. (E) B + Radios, Television 
1005A 150 130 410 15 380 1500 1%” Sq. (E) B + Radios, Television 
1006A 200 130 540 5 380 2000 1-17/32" Sq. (E) B + Television 
1010 250 130 675 5 380 2500 1-17/32" Sq. (S) B + Television 
1028A 250 130 675 5 380 25 1-17/32”" Sq. (E) B + Booster, Bies 
1087A 275 130 740 5 380 2750 1-17/32" Sq. (E) B + Television 
1090A 300 130 810 5 380 3000 1-17/32" Sq. (S) B + Television 
1023A 350 130 945 5 380 3500 1%” Sa. (S) B + Television 
1130A 400 130 1080 5 380 2” Sq. (S) B + Television 
1021A 450 130 1200 5 380 4500 2” Sq. (S) B + Television v 
1200A 600 130 1600 5 380 6000 2%” Sa. (S) B + Television 
1202 600 195 1600 5 570 6000 2%" Sq B + Color TV 
1229 750 195 2000 5 570 7500 2%” Sq. (S) B + Color TV 
1014A 100 160 270 22 460 1000 1%” Sq. (E) Vibrator 
1022A 450 160 1200 5 460 4500 2” Sq. (S) B + Television 
1233 20 260 54 50 740 200 %” Diem. (T) B + Booster 
1007A 75 160* 200 22 460 750 1” Sq. (S) Vibrator Doubler 
1008A 100 160* 270 22 460 1000 1%” Sq. (S) Vibrator Doubler 
1009A 200 160* 540 5 460 2000 1-17/32" Sq. (S) Vibrator Doubler 
1015 150 25 175 35 750 1” Sq. (E) Bridge Rectifier 
1016 300 25 350 35 1500 1%” Sq. (E) Bridge Rectifier 
1017 600 25 700 35 3000 1-17/32” Sq. (E) Bridge Rectifier 
1013 360 9' sone 1-17/32" Sq. (E) Battery Charger 
1018 1600 26; aene an — — 4%" Ig. (Mtg. Pit.) Battery Charger 
1001A 75 20 200 es 35 750 1” Sq. (E) Bias Rectifier 
A(E) Eyelet S) Stud T) Paper Tube. 
*These rectifiers have two sections—characteristics given apply to one FEDERAL'S 
section only; if both sections are used in series, voltage input is 320 - ‘ 
volts Radio-TV Selenium 
The characteristics given for this rectifier are based on its use in « 5 
half-wave rectifier circuit with a 3-cell battery load Rectifier Handbook 
t The characteristics given for this rectifier are based on its use in a full- 80 pages of valuable de 
wave rectifier circuit with a 3-cell battery load signs, characteristics and 
@‘A’ after code number indicates locking lug applications Available for 
50 cents (coin only 








HERMETICALLY SEALED GLASS ENCLOSED PLASTIC ENCLOSED 


FIBRE ENCLOSED EEE 


The FEDERAL System of 
ENCAPSULATION 


An entirely new approach to equipment 














- - Pack design, particularly where unusual condi 
ax. ax. Pea tion t l l 
Federal DC Output Outpost cater AC Input ee ee py ome applications 
a ae Vohese MA_DC Voltage Voltage ; - Ay +~~—— — 
ors, resistors, e — interconnecte 
_ 147H110Q1 1400 a 4000 1400 into single blocks of equipment. Such 
147H 82Q1 1050 8 3000 1050 assembly facilitates replacement of in 
147H 55Q1 700 8 2000 700 dividual or groups of components with 
147H 2801 350 7 1000 350 out necessity of time-consuming repairs 
Assures excellent thermal shock characteristics and resistance to vibra 





tion and cracking of sealed unit over wide temperature range. Embed 
ments withstand to —65° C, as well as to plus 125° C. For complet: 


SELENIUM RECTIFIERS details write for Bulletin F-534 


FOR INDUSTRIAL SERVICE FROM AC TO DC 
mshi eis FEDERAL CONTACT PROTECTOR 


The Federal Contoct Protector permits a rise but not high enough 
cause arcing; then the voltage decays to correct line voltage. its feo 
tures include 











= 





Low-cost power conversion 
efficient, dependable wt 
from a-c to d-c. Intro- 
ducing new, broad range 


ms 





adaptability in diverse 1. Suppresses contact arcing 6. Needs no attention 
fields, conditions and appli 2. Extends Contact Life by more than 7 i¢ easily installed 
cations. They obtain direct 100 times 
current from any alternat- 3. Reduces circuit failure due to con 8. Requires little space 
ing current source. They are tact erosion (locking, surging, etc 9. Is low in cost 
small, light, easy to install 4. Minimizes RF Interference 10. Available as hermetically 
They meet all needs of on 5. Has negligible effect on speed of sealed unit to meet all JAN 
unattended service operation of circuit specifications 
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ASCO DC Solenoid — Tap- 
ered core, tapered stub, 
pull type. Pull strength — 
1% to 11 pounds 








ASCO AC Magneti- 
cally Held Relay, 10 
Pole, 10 Amperes, 
Double - Throw; for 
AC Non-iInductive 
Load 


ASCO Automatic 
Transfer Switch with 
circuit breaker con- 
struction. 
chute removed to 
show large arc break 
distance, 
arcing and main 
contacts, and 
powerful 
blowouts 






























ASUA 


ELECTROMAGNETIC CONTROLS 


including 


Automatic Transfer Switches ... AC and DC; Electrically Operated, 
Mechanically or Magnetically Held; Open or Enclosed; Up to 1000 Amperes 


Remote Control Switches ....AC and DC; Electrically Operated, 
Mechanically Held; Open or Enclosed; Up to 1000 Amperes; 750 Volts 


One orc 
separate 


magnetic 


Solenoids . . . Engineered for your application to insure trouble-free 
performance. Many types—AC and DC. Important— ASCO DC Sole- 
Typical ASCO Remote Con- noids are designed for direct current; they are not converted AC units 
trol switch for controlling 
light and power from re- 
mote points. 


Relays .. . AC and DC; Single and Double-Throw; Electrically 
Operated, Mechanically Held; Open or Enclosed; Multi-Pole (Up 
to 12 Poles Double-Throw); Time Delay; Reverse Current; Close 
Differential; and Special Designs 
Contactors . . . AC and DC; Magnetically Held; Up to 
1000 Amperes, 750 Volts 
Bring your automatic contro! problem to us. Our engi- 
neers, backed by yeors of experience (since 1888), 
will be glad to help you work out the details. 


Automatic Switch Co. 


3BS5 LAKESIDE AVENUE, ORANGE, N. SF. 


Refer to Section J for data on ASCO Sole- 
noid Vaives. 


Refer to Front Section for data on 
ASCO Complete Contro! Panels. 


AST4 
Single Source Responsibility — 
Solenoid Valves and Elettro- 
magnetic Controls. 





basically better on 


ETCHED-PLATED-PRINTED 
CIRCUITS 





Special and Standard 


POLLAK 
RELAYS 





GLASS 
ORLON 


EPOXY-RESIN 


@ High Bond Strength of metal to lami 
nate 

@ High Mechanical Strength 

@ Will Not Delaminate or separate from 
metal in dip soldering 

@ Punches, Drills, Machines 
easily 


cleanly and 


@ Low Absorption of moisture preserves 
excellent electrical properties under high 
humidity 

@ Copper-clad on one or both sides, ready 
for your etching; or 

@ Unclod, ready for your plating or print 
ing 

@ Sheets 1/32 through 2 thick, 24 
x 36 

@ Epogias was the basis of this component 
of Reeves Instrument Corporation's 
REACH, made by Photocircuits, Inc 
Glen Cove, New York. Photo courtesy 
Reeves Instrument Corp 


PLASIILIGHT 
LAMINATES 





{ccurate 

Dependable 
Long Life 

COMPUTER 
COMMUNICATIONS 
MINIATURE 
COAXIAL 
FREQUENCY 


Nearly a half century of experience 





in specialized design and production 
of precision components. 


We invite your inquiry. 


JOSEPH POLLAK 
CORPORATION 





i'incorPORA T 


489 CANAL STREET | 


PLASIILIGHT = #<xx: 


75-99 Freeport Street 


CONN. : Boston 22, Mass. 
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TYPES "C’’ AND “E”’ CUT CORES 








Arnold “C” and “E” Cores are made from ona mandrel, then heat treated, bonded 
precision rolled Silectron strip (highly oriented cut into halves. Careful control results 
silicon steel) in 1, 2, 4 or 12-mil thicknesses accurately dimensioned and matched 
1 a wide variety of window Sizes and core halves whose effective air gap at the | 
areas, for high and low-frequency applications joint is very small 
Sizes range up to 10 Ibs. in 12-mil strip, and In 3-phase applications, the use of “I 
trom tractions of an ounce to hundreds of Cores provides weight and size reduction, 
pounds in the thinner gauges. Cores wound as well as higher efficiency and possible cost 
trom ultra-thin strip (down t mil or less savings. Rigid standard tests are employed 
can also be supplied for both ‘'C and “f types of cores, and 
Insulated strip of the proper width is wound _ special tests where required. 


TAPE WOUND CORES 


Depending upon the specific properties re- ard sizes with protective nylon cases. Special 
quired, Arnold Tape Wound Cores are avail- sizes of toroidal cores, and al re Of 


able made of Deltamax, 4-79 Mo-Permalloy rectangular Tape Wound Cores, are inufa 





Supermalloy, Mumetal, 4750 Electrical’ Metal tured to meet individual requireme 
or Silectron in standard tape thicknesses of Used for magnetic amplifiers, e trar 
1, 2, 4 or and in ultra-thin gauges of formers, Current transformers, wide-band trans 
and | where require formers ear reta ‘ eaking strips 
Practically < , b alias . , , el} , r 
actically any ze core 1 pe § ppite react c S gapiess pe e ct 
from a fraction of a zg tc h lreds of str ( es ma effective working 


pounds. Toroidal cores are made in 22 stand- permeability with minimum flux leakage 


POWDER CORES 


75 kc; and the 14 Mu at 50 to 200 kc. Many 





of these cores may be furnished stabilized to 








p to 200 kc, these Toroids provide high Q provide constant permeability (+0.1 over 
I small volume, : ! are characterized by a specinc temperature range 

low eddy current and hysteresis losses These Moly Permalloy Powder Toroids are 
r es € pplied four v A wide range of sizes, to oDtair 

ties: 125, 60, 26 and 14 Mu nominal inductance s high as 281 mh/1000 

They provide constant permeability over a turns. They are given various types of enamel 

wide range of flux density. The 125 Mu cores and varnish finishes, some of which permit 

re recommended for use up to 15 kc; the winding with heavy Formex insulated wire 
60 Mu at 10 to 50 k the 26 Mu at 30 to withoutsupplementary insulation over the core 


ALNICO MAGNETS 





ifactures permanent magnets from castings and are made to the cust ers 
ot Alnic« gt co V \\ 2s 1 Spe .. ae et 
preterre pe ¢ ( ne hig SI € ol A M 
ere pre i that alloy A st K ite 
r c ewhat | ¢ ™ es es of lene ef 


Stock sizes of all the products above are listed 
in Catalog GC-106PD. Write for your copy. 


nt [HE ARNOLD ENGINEERING (OMI 


— 
‘3 SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 


* 


__ General Office & Plant: Marengo, ilinois New York: Empie State Bldg. Boston: Joba Honcock Bldg. Los Angeles: 
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Sy) | if you have a problem in 
MOLDED ELECTRONIC COMPONENTS | Rout the 


stop wasting technical talent! Turn over your problems to dollar losses 


GARDE .. . experienced in design development and the manufac- hid abi 

‘ . . : liding . — : 
ture of all types of molded insulators (including hermetically sealed ding behind poor cost control 
components) for miniature and subminiature electronic assemblies. Try the new conversion-cost method 


of finding and plugging leaks 


Our electronic components are molded from compounds Ther e rea ‘ 


that are best suited to fit the exact specifications the e ; weer oie, as thoro y unique a act 
design calls for high temperature insulation re ainse manviuaatteg to coavsteien © the metetles 
sistance, low water absorbtion, high arc and shock conversion | in this k 

resistance, high dielectric strength, low loss or other pl = egg er 


special requirements. 


Our standard products will meet most of your appli HOW T0 CONTROL 


cations, but if they shouldn't, we will assist your engi 
neers in the designing of a molded component, not PRODUCTION COSTS 
only to meet a specific problem but to develop it to 
the highest point of efficiency and to follow through By Phil Carroll 
with the most economical method of manufacturing in 





any quantities desired Author of Timestud . , 
Tir Fundar » Fores 
A Many leading manufacturers in the electronics industry Hot ( Tin idy D 
x 
i 2 .. have called upon us to help solve problems of close 264 pages, 6 x 9, 76 illustrations, $5.00 
; “wy \\ tolerances and highly intricate miniature designs in 


VHF, UHF and MICROWAVE components. If you are esi 


. Ny = a manufacturer, engineer, physicist, designer or tech 
ia A PY nician who desires more information regarding the ways ; hat are 
= Garde can help you, write to our engineering depart = : . : 
J \ ment for technical assistance and material samples 


Packed with techniques to 


eee smallest practical sizes — GARDE heip you set up the new method: 
STANDOFF TERMINALS | su." Sos." ore 


anager n 1 how 


w toa th w t 


. SUBMINIATURE How w & 1 standard material am ¢ i how 


var 


SERIES 3550—Parts 1 to 12 How to f the leaks in cost control e varia 


e MINIATURE Mceling’ money. Shows you hidaen coos 


SERIES 3449—Parts 0 to 42 bcxgeing 


Ilow ea H r te r how much stock 5 


7 FEED THRU How wen which kind of employee incentives 


SERIES 3660—FTI, 2, 3 


















In over 50 other different insulated types "SEF THE BOOK TEN DAYS FREE” | 
studs and terminals are interchangeable McGRAW-HILL BOOK CO., 330 W. 42 St., NY 36 


to suit individual requirements. Voltage HOW TO CONTROL PRODUC 
breakdown 3500 to over 20,000 volts u ays” 
D.C., depending on type. 


For Specific Details Write 


Ser e Carrol 
TION COSTS for 
4 At the ¢ ft Iw 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





A 
MOLDERS OF THERMOPLASTIC AND. THERMOSETTING MATERIALS . 
Position I 
588 Eddy Street, Providence 3, Rhode Island Sales Representatives in Principal Cities This offer applies to U. S. only 
Jioo Product Engineering — 1954 Annual Handbook 
\ 1 \ 
4 \ 



























MILWAUKEE WISCONSIN 


U.S.A 


331 NORTH MILWAUKEE STREET 


SOLENOID SHOE BRAKES 


SINGLE SOLENOID OR DOUBLE SOLENOID OPERATED 


. : 7 ies 
SBM-362 BRAKE SB-373 BRAKE SB-388 BRAKE 


45 FT.-LBS 450 FT.-LBS 10 FT.-LBS 122 DISK BRAKI SB-Jo2 BRAKE 
MAGNETICALLY SET SINGLE SOLENOID DOUBLE SOLENOID > FT.-LB. TOROU! EXPLOSION PROOT 


SB-300 LINE OF SOLENOID BRAKES 


SPRING SET MAGNETIC RELEASE OR MAGNETICALLY SET SPRING RELEASE. 





FOR OPERATION: On alternating current at any voltage Wheel diameter ranges from 24" to 72”. Wheel face 
and at frequencies from 1624 to 6724 cycles per second from 114” to 14 

On direct current shunt connections at any voltage to i , ‘ : 
750 volts. Series connections at any voltage to 750 volts lorque capacity: 3 ft.-lbs. to 24,000 ft.-Ibs. continuous 
and any current. duty; 5 to 32,500 ft.-Ibs. \% hour duty 


SEND FOR BULLETINS EE-180, EE-183, EE-184 


STANDARD SOLENOIDS 
46 STANDARD LINES. 608 SIZES 





7 
F 
z 
4 
7. 
1-334 SOLENOID 4.128 SOLENOID AL-828 SOLENOID FX-324 SOLENOID AS-427 SOLENOID 611-H SOLENOID NATIONAL ACME 
F-300 LINE 4-100 LINE AL-800 LINE FX-300 LINE AS-400 LINE G-000 LINE REPLACEMENT LINE 
| “ » a . “ s v7 J 
- - 4 — a a ’ ’ _ Aa * 
4 COMPLETE LIST OF SOLENOIDS 
PLAIN SOLENOIDS DIRECT CURRENT OPERATORS 
F-300, 30 sizes; G-200, 14 sizes; A-200, 15 sizes; NA-700, RD2-100. 7 sizes: RD3-100. 7 sizes 
38 sizes: G-600, 6 sizes: A-100, 14 sizes; AL-800, 18 sizes . ‘ = = 
AS-400. 14 sizes: E-500, 30 sizes: FW-300, 30 sizes: : EXPLOSION PROOF OPERATORS . _ 
EW-500, 30 sizes RD2X-300, 15 sizes; RD2X-800, 9 sizes; RD2X-400, 7 
DOUBLE PLUNGER SOLENOIDS sizes; RD3X-300, 15 sizes; RD3X-800, 9 sizes; and 
AD-300, 15 sizes; AD-400, 7 sizes; AD-800, 9 sizes. RD3X-400, 7 sizes 
EXPLOSION PROOF SOLENOIDS OLL IMMERSED OPERATORS 
FX-300, 15 sizes; FX-800, 9 sizes; F X-400, 7 sizes. RD2Z-300, 15 sizes: RD3Z-800, 9 sizes: RD2Z-400, 7 
OIL IMMERSED SOLENOIDS sizes; RD3Z-300, 15 sizes; RD3Z-800, 9 sizes; and 
FZ-300, 15 sizes; FZ-800, 9 sizes; FZ-400, 7 sizes RD3Z-400. 7 sizes 
PURE DIRECT CURRENT SOLENOIDS _ EXPLOSION PROOF DOUBLE PLUNGER SOLENOIDS 
A-100, 14 sizes from 2 lbs. to 100 lbs. at 85% voltage. ADX-300. 15 sizes: ADX-800. 9 sizes: ADX-400. 7 sizes 
SOLENOID OPERATORS ae 
RD2-300, 15 sizes; RD2-800, 9 sizes; RD2-400, 7 sizes; OIL IMMERSED DOUBLE PLUNGER SOLENOIDS 
RD3-300, 15 sizes; RD3-800, 9 sizes; RD3-400, 7 sizes ADZ-300. 15 sizes: ADZ-800. 9 sizes: ADZ-400. 7 sizes 


IN 1924 MR. TROMBETTA GAVE THE WORLD THE COMMERCIAL SOLENOID 
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LINEMASTER — America’s Footswitch Leader 


Thousands of satisfied customers over the period of 15 years reflects 
the confidence in LINEMASTER Products. Our Engineering Department 


is anxious to help with your special problems. 








SHOR Name & No. Type Volts Ames| Wt. & Size Material 
SENIOR 4 Ibs. 
#4141-D DPST 115-230 20 7! x es x 31% “ Cast lron 
+ —+— +— + ——__—___—_—_— | —__—— — 4 
JUNIOR 115 15 1 Ib. ; 
#121-S SPDT 230 10 5a" x 3% “1M - Aluminum 
+ -+ — +— + a -~—~--—-+f 
COMPACT 6\2 oz. 
#492-S SPDT 115-230 20 2%" x 2! Ye" Steel 
} + +— + + — — . one _ — 
JUNIOR LEKTRO-LOK 2 switches | 115 15 10 oz —_ 
#L-2-S SPDT 230 10 5” x 210" x %" 
: —t - +— + - + 
TREADLITE | 7 oz. | 
#T-51-S SPDT 115-230 10 3) x 254" x 1 ‘ Steel 
+ + —} + —__—___—______ — —+4 
EXECUTIVE 2 switches | 115 15 | 14 oz. eee 
#B-2-S | spoT. | = 230 | 10 | 4" x 4%" x 14" ee 














COMPACT 





2 and 3 POLE 
APPLICATIONS 


© Hermetically Sealed 

© Silent Operation 

© Explesion Proof 

© No Maintenance 

© Mercury— Mercury Contact 





LINEMASTER SWITCH CORPORATION 


WOODSTOCK, CONN., U.S.A. 


“Devoted exclusively to the manufacture of Footswitches.” 
TWENTY-FIVE Standard Models in stock — Catalogue on Request 





TREADLITE 





LEKTRO-LOK 





EXECUTIVE 








The many advantages of mer- 
cury plunger construction are 
now available in relays for 
2 and 3 pole applications. 


Compact size and high cur- 
rent handling capacity (up to 
60 amps) permits realistic sav- 
ings in cost and space. For 
complete details just ask for 
our free catalogue—and don’t 
forget—our engineering 
division is ready to serve on 
any of your relay problems. 





EBERT ELECTRONICS CO. 


212-26N Jamaica Ave., 


fio2 


Queens Village 28, L.I., N.Y. 





iN 





aS 


We Ms = 


Specialists in Finest Quality » 


ELECTRICAL CONTACTS | 


Available in a wide choice of 





CONTACT MATERIALS. Gibsiloy 
powdered metal compositions of silver 
or copper with refractory materials, 
silver alloys, fine silver, 
and others. 


CONTACT FORMS. Molded shapes, 
rivets, “Steelbacks'’, stampings, screws, 
overlay types, and others. 


CONTACT ASSEMBLIES. We can 
rivet, weld, or braze contacts to con- 
tact supports—furnished either by us 
or our customers. 


palladium, 


Send for Catalog C-520 for more in- 
formation. Our engineers will gladly 
help you winh your contact problems 


/ 


Na 


\ 


faclired by 
Gipson Ecectric COMPANY 


8358 Frankstown Ave. 


, Pittsburgh 21, Pa. 
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Potentiometer Accuracy Improved! 


Fairchild Precision Potentiometers now offer 
greater accuracy and longer life than ever before 


Experience with Fairchild Precision Potentiometers in hundreds of 
applications shows that these units far exceed their original guar- 







anteed tolerances. As a result, accuracies of +1% in non-linear types 
and as high as +0.05% in linear types can be guaranteed. Service life 
as high as 10,000,000 cycles, under certain conditions, also can be pro- 
vided. High resolution, low torque, and low noise level are other pe: 
TYPE 756 formance features worth noting. 

Fairchild Precision Potentiometers perform mathematical compu- 
tations in electrical computing systems for machine-tool controls, 
process controls, telemetering, guided missiles, flight control, fire 
control, and analog computers of all types. They are available in non- 
linear and linear types and in ganged combinations of either or both 
with windings to meet your requirements 

If you want accuracy in your control systems, ask about Fairchild 







TYPES 747 and 748 


TYPE 746 — : 
Precision Potentiometers. 





SPECIFICATIONS OF FAIRCHILD PRECISION POTENTIOMETERS (Nominal Values) 















































Type 736 Type 746 Type 756 Type 747 Type 748 
Resistance Range, ohms 
Linear (standard), min 680 =5 4 680 +5% a 800 +5% a 1,800 +5% a 2,250 +=5% @ 
max 115,000 +5% a 115,000 +5% a 40,000 +5% a 90,000 +5% a 150,00¢ % a 
near (specia min a5 5 a aS 5% a 50 +5% a 50 5 a RO £ a 
max 45.000 +5 a 
Non-Linear b b b 
Electrical Function Angle, deg. (standard 320 nomina nomina ~ 320 nominale 51.3 
special 350 nominal c d 
Electrical Contact Angie, deg 34 m 340 nom 340 nom. (std 1.3 4 4s 4 
Mechanical Rotation ~ Continuor Continuous tinuous ntinuous 
Functional Tolerance (guaranteed), per cent : 
Linear, Some Non-Linear 0.50e 0.50 e 0.25 .15f Zz 
Other Non-Linear 1.0€ *1.00 “0.35 h 
Mechanical Accuracy 
Concentricity (shaft to pilot bushing FIR max 0.0025 010 01 0025 At 
Radial Shaft Play, in., max ).0015 009 0009 0015 15 
haft, dia., in i i i i i 
Pilot Bushing, dia., ir j j j . k 
Torque, oz n. per cup 2.( 1.5 l l 
Wattage (rated at 40 C ambient temperature) ganged 2.5 2.5 2.5 4 ‘ 
Voltage Breakdown at Sea Level (60 cycle) RMS 906 900 90 90 “ 
Taps, number per cup a1 lim la p op 
accuracy of location, deg l l l 
width, deg., max q q ] r r 60r 
Ganging on Single Shaft, max 5 y y l l 
Operating Ambient Temperature Range, deg. C 55 to +-71 55t V1 55t 71 55t 7] 55t 
Service Life, cycles, max 5,000,000 s 5,000,000 s 5.000.000 $ 10,000,000 s 10,000,000 s 
Dimensions, in 
Diameter 1.899 1.75 1.756 4 9 
Length (one cup), max 795 0.800 +0.009 800 =0.009 1.156 15€ 
Added Length Per Unit Gange 609 58 0.00. 580 +0.002 594 594 
@ Tolerance on both linearity and over-all resistance may very or be im k Machined to 0.7500 in + 0.0000 0.0005 
proved, depending on resistance value required 1 By adding dummy cup section, 19 taps can be provided 
b Maximum resistance ronge will vary ax ording to function. Tolerance on m Two taps con be provided by slight design modification using te 
over-all resistance of non-linear windings is 5% lamp screw modified for wiper terminal 
¢ Electrical function angles can be held to tolerance of +1° by special order n Two or more taps con be provided by slight design modification using odd 
d No shorted section tional boards. 13 taps can be provided by addition of terminal board se 
e Lineority up to 0.25 on the higher resolution windings by special order trons 
# Linearity up to *0.10% on the higher resolution windings by special orde be Depending on spacing requirements and wit in y bridge er 
g Linearity up to ~0.05 on the higher resolution windings by specia rder FOrRERS 
h With maximum of 3:1 slope ratio in high resisiance ranges q One turn of wire 
i Centerless-ground stainless steel to 0.2500 in (+0.0000 0.0005 r Varies with resolutio 
j Machined to 0.5000 in. ‘+0.0000, —0.0005 s Life will be dependent upon specific potentiometer re 
SAMPLE POTENTIOMETERS IN A HURRY! Send your potentiometer / 
problem, to the Fairchild Potentiometer Sample Laboratory and 





we'll show you how to solve them. Sample units can be de / | ) 
signed and built at nominal cost in 4 to 6 weeks after receipt es oy / / ; 
of approved specifications. For full details write to Potentiometer / j | , == (= 


Division, Fairchild Camera and Instrument Corporation, Park Ave 


/ 
te ig Kind, New os Saat SO CISION POTENT IOMETERS 
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FAST DELIVERY 


on AMRECON 
ALL-PURPOSE RELAYS 


MODEL: DOS 


AC OR DC 


2.5 watts DC or 3 
Coil watts, 60 evcle AC, 
Rating for voltages up to 230 
VDC or 440 VAC 





?, 15 amps—at 115 
ontact VAC or 32 VDC 


Rating noninductive 





Weight 1 oz approximately 





1-%" high, 1-56” wide, 


“ize 1-134,” deep 





MODEL: DO 


AC OR DC 


} watts DC or 6 
Coil watts, 60 cycle AC, 
Rating for voltages up to 230, 
VDC or 440 VAC 





10 amps—at 115 


Contact ) VAC or 32 VDI 
Rating 
noninductive 





Weight | 6 oz approximately 





3 pole) 2-4" high, 1-55 
wide, 1-'%," deep (4 
pole) 2-%" high, 2-4," 
wide, 1-'%4,6" deep 





30 pIFFERENT TYPES 
NOW AVAILABLE FROM STOCK 





AMRECON can now give immediate shipment from 
stock in reasonable quantities on Model DOS and 
Model DO relays in a wide range of coil-operating 
voltages. These stock units are: Model DOS relay 
in DPD TP contact combination. and Model DO relay 
n3PDP and IPDT combinations. All are available 
in 6, 12. 24, 115, and 230 volt coil-operating volt- 
iges, either AC or DC. 

AMRECON can also give exceptionally good 
delivery on many other all-purpose relays. These 
include a wide variety of contacts, rated from 5 to 
> amps AC, noninductive. 


Get the right relay sooner .. 


. from AMRECON, 


WRITE FOR CATALOG R-10 a> © 


a 


=e 


American Relay & Controls, Inc. 
. 3641 Howard Street, Skokie, Ill. 
(Suburb of Chicago) 
Ji04 


For PROVED DEPENDABILITY 
MODERN APPEARANCE 


INSIST ON 


@ Soundly Engineered 
@ Precision Built 
@ Easily Assembled 


ie @ 8 


P&s 1311 P&S 1320 P&S 1340 P&S 1375 





P&S Despard® Line — modern, compact design — 
rugged construction — adds to appearance and serv- 
iceability of your product. 


P&S POLARIZED DEVICES 


Long-Lasting, Easy-to-Wire — for Positive 
Electrical Connections 





-_— > LAC 
Cp ) , 
7 ; t 


sig 





P&S 7082 P&S 7055 P&S 7251 

Extra heavy construction to with- »* 

stand rough usage — 10 and 20 eS” ev 
Amperes — 2, 3 and 4-wire. P&S 6051 P&S 5552 


P&S TURNLOK®e LINE 


“A Turn of the Cap and It’s Locked” 


= 
=z ad < | > 

a” " C3 

P&s 7101 P&S 9763 P&S 7311 


2, 3 and 4-wire—10 and 20 
ee” Amperes — positive, contour-con- 
P&S 7410 P&s 7210 trolled contacts — dependable. 





Send us your specifications for special adaptations. 
We will gladly make recommendations without obli- 
gation to you. Address Dept. PH on your letterhead, 
please. 


PASS & SEYMOUR, INC. SYRACUSE 9, N. Y. 


OFFICES: 71 Murray St., New York 7, N. Y.; 
1229 W. Washington Blvd., Chicago 7, Ill. 
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RUGGEDIZED 


METERS 


HS Series 
HERMETICALLY SEALED 


Exceptionally accura 













te and sensitive even 
under extreme conditions of shock. vibration, 
mechanical stress or strain, weather and 
climate Outstanding Performance in any 
application. 24" and 3% types have 
Standard ASA dimensions 








HERMETICALLY 
SEALED METERS 


HM Series 


Marion true glass-to-metal 
hermetic sealing long 
accurate life under adverse 
conditions of humidity, dust 




















Construction sac shaded Pole face and 

“prin attenuation Ss it Give sharply logarith 
and hazardous atmospher ample over! Geparts from null point 9arithmic 
Magnetically shielded erload Protection and provides 









MARION 


MMSET ELAPSED TIME 










He INDIC 
Lnasioaaid “REGULARS” te alt NCATORS a 
— JAN dimensions as 
- mounting O 

. . €rmetica]] y . Perating 
| designed for commercia mm pe 
: phenolic and ee sealing or ruggedization is a sr aealed. sane cally 
; application w all Alnico construction. Reliable high self-starainy 2 Sa8a9" : ou 

not required. A in moderate price range =o a 

torque performance 10¢ 3 


| MODEL 52N Series 52 
/ in 
Accurate dependable service t 
| neiien practical form. Model 52N 


\ MULTI-RANGE 


( Th ETER TESTER 
j © only instr 
4S able today ep of its type avai) 











r Tod : 
ti . Production ; 

“ 9 MR25) 2%” round ~ and Calibration of electrics) Pe 
JAN MR24, Ae rectangular M.2 cating instruments on ‘ indi 
phenolic case. 52S, 2 Ja a ees high measuring Standard ° maintain 
phenolic case. Model 52 ilable in Oratory. It is eo : S in the Ib. 

| flange brass case. Also sae, SOMNES cept Production limit beta as a precise 
brass case without flange, 52 veel . + tolerances to be ser for ony a Permitting ¢ 

| : ——————— . 6U'% Overal] acc ’ value from + 4s 
MODEL 535SN Series 53 patter than %4 of ps °NSCY for curren: measurements 

lar Power Source ]]5 bo ence Tange 05000 
Standard 3” commercial rectangu SOries ‘SV AC 60 Cycles. Cn...) ohms 
t pe (Model 53SN). Also available . required, _ PHO, ne o. es 
Y Model 
in 342" round phenolic case C MARION 
aa 5 MODEL p 
53RN) JAN MR34, MR3 MI PORTABLE 
—— a INDUCTION SOLDERING Unjy BENCH Type 

| pace ” — et Improves anc 

MODEL mI ; Producti on of 
8’. Critical read Low Cost 
Large 4°68" x 4% 
ability on 100° scale. Extremely Portable. Size 
tH accurate. Most popular case style in co 
, test equipment field — 
—— “p 
T 


56 100 wat 
| MODEL 56 wa 
642"" x 5%" phenolic case — 
| open face with 100° scale in 5% 
arc 
MODEL 57 
| 8%" x 7” open face, extra long 
scale. More than a mere overgrown 
| 3° meter. Enlarged pole sy = 
higher torque movement = j 
damping factor. Accurate within 1% { 


a v4 Qu 
marion : 
sf 


ELECTRICAL INSTRUMENT COMPANY 


415a Canal 














Street, Manchester, New Hampshire, U.S. A 
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cracks - Won, 


TURBO 


117 SLEEVING 


. . . durable silicone rubber coating fuzed 


to fibrous glass braid 


peeled ... can 


. cannot be 
be supplied to meet all 


Class "“"H" performance requirements 
of MIL-I-3190, NEMA VS-! 
lasting dielectric strength . . . 
humidity-resistant . . . oil-resistant 


Inside the 
Silicone 
Rubber Sleeving 


TURBO 117 SLEEVING 
. scientifically designed 
to be kink-proof ... can be 
knotted, bent, twisted . . . 
engineered to meet extremes 
of temperature . . . flexible at 
100° F unchanged by 


. flame-resistant . . . non- 
corrosive . . . fungus-resistant. 


nite’ 
01st! 


temperatures as high as 500° F... 


Samples will be sent to you on 


separate 


order. Be sure to ask for Turbo I17 


Sleeving. 


Write for 
Bulletin 


INSULATING MATERIAL 


THE WILLIAM 


DEPT. PE-54, WILLIMANTIC, CONN., U.S.A, 


TURBO Insulated Wires - Wire Markers - 


Telephone HArrison 3-1661 
Extruded Tubing - Glass Sleeving and Tub- 


ing « Varnished Saturated Sleeving and Tubing - Cambric Cloths, Tapes, Papers - Mica. 
SALES REPRESENTATIVES IN PRINCIPAL CITIES 


Bios 


Product Engineering 








You can get 
this year’s 
HANDBOOK... 


if you aren't a Product 
Engineering — subscriber. 
by subscribing now to the 
leading product - design 


engineering magazine. 


Twelve 
informative 
issues... 


of Product Engineering 
per year will enable you 
to keep abreast of every- 
thing new in your field. 
Every month, this publi- 
cation delivers the au- 
thoritative editorial cov- 
erage which makes it the 
design - engineer’s _ pre- 
ferred magazine — by 
making it more helpful 


and profitable to read. 


A new 
HANDBOOK 
every year... 


comes to you as an extra 
supplement to your regu- 
lar subscription, at no ad- 


ditional charge! 


Use the 
subscription 
cards... 


following pages B32 and 
H32 to start benefiting 
immediately from the fin- 
est available editorial 
service to you: Product 
Engineering and the an- 


nual HANDBOOK. 
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For the most 
complete line of 


AIRCRAFT 
INVERTERS 


For 
**RELIABLE’’ 


ELECTRON 
TUBES 





For complete details on our aircraft inverters or 
electron tubes... or on our dynamotors or frac- 
tional horsepower D. C. motors... write: 

~~ 


* 


= RB nk 


EATONTOWN, NEW JERSEY 


Ase Na \ 
J Oe 


, Cndix 


» AVIATION 
S. CORPORATION JY 


2; a 
\ o, <S” 


a 
“Owe SF) 


117 Providencica Ave 


see ani | Burbank, Calif 


Export Sales: Bendix International Division, 205 East 42nd St., New York 17, N. Y 
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West Coast Sales and Service 





The Red Bank Division of Bendix Aviation Corporation 
is the logical place to find your answer to aircraft inverter 
needs—and for three significant reasons. First, we offer the 
widest range of inverters. Second, we design and build each 
inverter as a complete, unified mechanism. Third, we are 
equipped to design and produce inverters for all kinds of 
special-purpose applications and, in fact, are now 
engaged in developing inverters up to 5000 VA and for 
high temperature, high altitude applications. 


With electronic controls taking over more and more oper- 
ational functions in aircraft, it's becoming increasingly 
important that the electron tubes used be dependable under 
conditions of high altitude, continuous vibration, varying 
voltages and frequent shock. Because of their advanced 
design and construction ... born of never-ceasing research 
. Bendix Red Bank Regular 


and Special Purpose Reliable Electron Tubes have the de- 


and special production skills. . 


pendability necessary to meet severe operating conditions. 


|DY=\ey=selo meyel 

















YOUR PRODUCT! 


More dependable, more accurate controls 


Type ESN 

Indicating Tem- 
perature Control, 
ranges 300°or 
600° between 
— 150° to 600° F. 
calibrated adjust- 
ment and ambi- 
ent compensated. 


Type J40 
Compact, skele- 
ton pressure con- 
trol for local 
mounting to con- 
trol up to 250 psi 
in general indus- 
trial applications. 





Type J96 
Sensitive pres- 
sure-vacuum con- 
trol for 30” hg. 
to 100 psi with 
explosion - proof 
housing for haz- 
ardous locations. 








bring big sales results! 





Progressive manufacturers through- 
out the country know the importance 
of having the right temperature or 
pressure control on their products, 
It really pays off—in product quality 
and in SALES. Hundreds of com- 
panies, of all types, turn to United 
Electric for the finest controls, to be 
used as original equipment on their 
products. 

Controls are developed from 
United’s wide line of standard 
models or are specially built as a 
result of teamwork by United Elec- 
tric engineers and the manufacturer's 
product development group. 

We can handle practically any 
pressure control problem between 
limits of 30“ mercury vacuum to 
1000 psi or temperature control 
problems between limits of 
— 150° F. to 600° F. 

Want to know more? Write for 


our new catalog. It shows pres- 
sure and temperature controls for 
marine, industrial aircraft and 
representative special purpose 
uses. And it’s yours for the asking. 






UNITED ELECTRIC CONTROLS Co-—— 
91 School Street, Watertown, Mass. 
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Has description, classification, speci 
fications, and applications of servo am- 
plifiers; dynamic analyzer; null de- 
tector; motor control; and d-c millivolt 
meter. Also has a page of conversion 
factors for servo calculations. 


(U-33) MAGNETIC AMPLIFIERS 
Westinghouse Electric Corp., Booklet 
TD-52-600, 18 pp. A section of the 
booklet is devoted to magnetic am- 
plifier terminology. Next is an explana- 
tion of the theory of operation. Curves, 
tables, and wiring diagrams are in sec- 
tions dealing with component parts, 
applications, and operating character 
istics 





(U-34) WATERPROOF SWITCHES 

Control Products, Inc., Catalog, 18 
pp. Has illustrations and complete spe 
cifications on: SPST toggle switch; 
SPDT toggle switch; single pole push 
button; and single pole lever actuator 
type waterproof switches. Also has 
details on single cable and w aterproof 
connectors, and high temperature and 
warning switches 


(U-35) TERMINAL ASSEMBLIES 

Lundey Associates, Catalog, 17 pp 
Contains engineering and other data 
on a line of terminal assemblies. En- 
gineering drawings and specifications 
for all models and parts are included. 


(U-36) MINIATURE CONNEC 

TORS—-Viking Electric, Catalog, 16 
pp. Has engineering specifications and 
templates of a line of miniature con- 
nectors, terminal boards, thermocouple 
connectors, and printed circuit hard 
ware 


(U-37) SOLDERLESS POWER TER 
MINALS Aircraft-Marine Products, 
Inc., Catalog, 16 pp Designed for users 
of heavy duty power terminals and con 
nectors, it describes the varieties of 
solderless power terminals and con 
nectors, together with tables to aid in 
terminal selection. Also illustrated and 
described are hydraulic and pneumatic 
precision hand tools, and electric-hy 
draulic power tools 


(U-38) D-C TO A-C CONVERTERS 

Carter Motor Co., Catalog 452, 16 
pp. Details on a line of converters with 
from 40 to 150 watt output. Models 
are available with 6, 12, 24, 28, 32, 64, 
115, and 230 v input. Also has infor 
mation on a line of inductor alternators 
Includes specifications, performance, 
curves, and other engineering informa 
t10n 


(U-39) INSTRUMENT TRANS 
FORMERS—General Electric Co., Bul 
letin GET-1366A, 16 pp. Titled, “In 
strument Transformer Accuracy Stand- 
ards.” it aids in the selection of proper 



























Handy Reference Book- 
let: This 24-page booklet 
for product designers con- 
tains product information 
and specifications on the 
complete standard line of 
G-E wires, cables, and cords 
—including, among many 
others, the products listed 
below. Write for your copy. 


G-E 


~ WIRES and CABLES 


for Product Designers 








Deltabeston Wire: Where extreme 
heat or corrosive vapors are present, 
you'll get dependable service with 
G-E Deltabeston* wire. For use as ap 
pliance leads, or ground or hinge 
wires, as stove and range wires, and 
as permanent wave machine wire. 





Fixture Wires: Designed for sun- 
lamps, therapeutic devices, and high- 
wattage units as well as lighting fix- 
ture interiors. Both high-temperature 
Deltabeston, and oil-, acid-, moisture-, 
sunlight-, and flame-resistant Flam- 
enol* wires are available. 


~~ 
ef? 


Flexible Cords: Where resistance to 
heat, moisture, acids, alkalies, water, 
grease, or oil is important, G-E flex- 
ible cords have long been the answer. 
For light, medium, or heavy-duty 
electrical appliances or industrial 
equipment. 





Machine Tool Wire: G-E Fiamenol 
machine tool wire meets J.1.C. Stand- 
ards for machine tool control wiring. 
It is permanently color-coded for easy 
circuit tracing. Its small over-all 
diameter is ideal for limited spaces 








Magnet Wire: For Class H applica- 
tions (for temperatures up to 180 C) 
G-E Deltabeston is supplied with sili- 
cone-varnish impregnation. This extra 
protection is applied to Deltabeston 
magnet wire insulated with either 
glass or asbestos. 


SPECIAL APPLICATIONS: 


elelelilaelilelsmma tel tlic.) Me Me 1 
truction, call on G.E. We have 


ted many designers in the past 


FOR MORE INFORMATION, OR FOR YOUR 
COPY OF THE REFERENCE BOOKLET 
WRITE SECTION W106-1167, CONSTRUC 
TION MATERIALS DIVISION GENERAL 
ELECTRIC COMPANY, BRIDGEPORT 2 
CONNECTICUT 









| a 


Small Motor Leads: For coils, trans 
formers, motors, or ballasts you'll get 
excellent service with G-E Type F 
small-motor leads. Listed by Under- 
writers’ Laboratories, Inc. 








Welding Leads: Designed for use 
either as electrode cables or work 
cables, G-E leads for arc welders are 
composed of many fine wires stranded 
for maximum flexibility. They are 
covered with a smooth rubber jacket 
for toughness 








“Registered Trade-mark General Electric Co 


You COR pr jou confulence in — 
GENERAL @@ ELECTRIC 
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Here’s Help with AN 


Connector Performance 
and Assembly Problems 





Solid Shell AN. Snap-in retaining 


sleeve (exclusive with G.F..) cannot work 
loose, yet releases quickly with a screw 
driver and insert removes for inspection 
or soldering. Design permits use in 
tight normally requiring split 
Meets MIL-C-5015 


places 


shell connectors. 





Split-Shell 90° Angle AN. Top remov- 
able for wire inspection without unmat- 
ing or disassembling from conduit or 
cable. Split-shell ease of wiring with 
advantages of solid shell construction. 


Meets MIL-C-5015. 





Split-Shell Straight AN. licduced num 
ber of metal parts and weight plus — 
improved connector performance. Full 
length split permits rapid and complete 
disassembly. Meets MIL-C-5015. 


instrument transformers for any par- 
ticular application. Lists accuracy 
standards for potential, metering cur- 
rent, and relaying current transformers. 
Shows graphical equivalents of Ameri- 
can Sinndards Association accuracy 
classes. 


(U-40) ELECTROLYTIC CAPACI- 
TORS—Illinois Condenser Co., Cat- 
alog, 15 pp. This catalog contains a 
listing of every type of electrolytic 
capacitor used in the electronics, elec- 
trical and allied industries. Included are 
photos, dimensional drawings, standard 
terminal codes, and other data. 


(U-41) RESISTORS AND RHEO- 
STAT—Tru-Ohm Products, Catalog, 
13 PP. Illustrates and gives complete 
specifications for fixed vitreous enamel 
resistors 1m capacities from 3 to 200 
watts, and adjustable vitreous enamel 
resistors from 10 to 200 watts. Also 
has_ illustrations showing terminal 
types and resistor mountings 


(U-42) INDUSTRY RELAYS—Auto 
matic Electric Co., Circular 1702-A, 12 
pp. Has illustrations and complete spe- 
cifications for a complete line of tele- 
phone-type relays, including hermeti- 
cally sealed (in metal and glass 
containers) sub-miniature, and plug-in 
types. 










PRECISION 
TRANSFORMERS 


(U-43) SPECIAL ELECTRICAL 
EQUIPMENT—Electric Speciality Co., 
Catalog 53 P-D, 12 pp. Discusses the 
designing of specially designed rotating 
electrical equipment for specific re- 
quirements. Covers: motors; motor 
generator sets; dynamotors and con- 
verters. Illustrations and applications 
are given. 


(U-44) STANDARD PERMANENT 
MAGNETS—Thomas & Skinner Steel 
Products Co. Inc., Catalog SM-1252, 
12 pp. List a complete line of perman- 
ent magnet available in Alnico 2, 3, 
and 5 for use in a wide range of in- 
dustrial applications. Has many line 


drawings, curves, and dimensional 
limitations. 
(U-45) AUTOMATIC VOLTAGE 


STABILIZERS—General Electric Co., 
Booklet GEA-5754, 12 pp. Contains 
photographs, diagrams, and operating 
curves on automatic voltage stabilizing 
units ranging from 15 to 5,000 volt- 
amperes. Gives operation principles and 
construction and gives complete speci- 
fications. Also describes the causes and 
effects of voltage variations, and lists 
typical application for stabilizers 

SWITCHES 


(U-46) PYROMETRIC 


Minneapolis-Honeywell Regulator 
Co., Catalog 5800, 12 pp. Illustrates 
and describes rotary, key, and plug type 












government specifications. 





No job too big or too small. 


Development and 
P design facilities 
available. 





We specialize in 


MAGNETIC AMPLIFIER development 


YOU can improve the performance, life and reli- 


Hermetically Sealed. Extremely rug 


mechanical shock 
300°F. 
, high 


ged. Withstand the 
of 100G's, thermal shock from 
liquid air) to +5001 in oil 











Da ate tube aod r Pa dine ability of your circuits . . . eliminate costly equip- 
on applications) and brazing tempera ment maintenance and replacement part costs by CONSTRUCTION 
tures as high as 1500°I using ATLAS Magnetic Amplifiers for: TYPES: 
For complete catalog showing all shell 1. Low level amplification : 
styles and insert arrangements send this 2. Regulated DC power supplies © Hermetically 
oe ee 3. Motor drive controls sealed 
"Wenmne Beveee Resssvecnre 8-3 4, Thermocouple and photocell to relay applica- @ Fosterite 
03 Il ol e"iiseel, eovidense %, & 6. _ — ‘ = . ‘ @ Scotch Cast 
Saas ualk Atanas Colton t-4 We welcome inquiries. Send sketches of your Circuit 14 
and list desired performance characteristics . . . @ Open types 
Name we'll do the rest. 
Title & 
ATLAS ENGINEERING CO., Inc. 
re, : | 3 EDGEWOOD ST., ROXBURY, MASS. 
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HI-VOLTAGE SELENIUM RECTIFIERS 
Phenolic Cartridge Type 





f INTERNATIONAL / 
aw eectineen 





Type P 


DIAMETER: From %” to 1” 

LENGTH: From %” to 12” 

CURRENT, half-wave: 1.5 ma to 60 ma 
VOLTAGE, DC output: 20 volts to 10,000 volts 


Send for Bulletin H-1 


SELENIUM DIODES 
ry , ‘ ’ > 


Leve 
2 0.6 microamperes to 
From to 2.4 mi 

Potted in thermosetting 
ompound 

DC output voltage Temperature Range 
Fro: 0) volts to 160 volts From 60° C to 100° ¢ 
DC output current 

ive. from 200 microamperes 
to 11 milliamperes 



















DIAMETER 
From %” to 1 
LENGTH 
RMS applied voltage 

From 26 volts to 208 volts 


roamperes 


A” ailable in 1, 2. 3, 4, 5, 6 


18 oe Diodes 


WRITE FOR BULLETIN SD-1 
GERMANIUM DIODES 


—a>—_ 


ALL TYPES AVAILABLE INCLUDING UHF TYPES 
Write for Bulletin GD-1 








HERMETICALLY SEALED RECTIFIERS 


Pigtail Leads jah 
Glass Seal 
DIAMETER: From 3/16” to 1-1/4” 
LENGTH: From 9/16” to 10” 
CURRENT, half-wave: 1.5 ma to 60 ma 
VOLTAGE, DC output: 20 volts to 4,000 volts 








Octal Tube 
Base Type 
Meta! Case 


WRITE FOR BULLETIN H-1 










POWER RECTIFIERS 


CELL SIZES: From 1” x 1” 
to 64%" x 74” 

CURRENT RATINGS, per 
cell 0.125 amperes to 7 
amperes 

VOLTAGE RATINGS, in- 
verse per cell: 22 volts rms 
to 40 volts rms 

Efficiency to 87% 





Power factor 95% 
Suitable for oil immersion 
Ratings to 250 KW 





Send for Bulletin C-249 





PHOTO-ELECTRIC CELLS — SELF-GENERATING TYPE 


gt Unmounted Cells 


DP-2 Available 
Hermetically Sealed Output up to 
25 microomperes* 600 microamperes* 


* At 100 foot-candles illumination and 100 ohms external resistance. 


Write for Bulletin PC-649 








'set 2 GRAND AVE Et SEGUNDO 
HIitCAGO 205 w ae ee oe  & 
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INTERNATIONAL RE 


CALIFORNIA 












MINIATURE RECTIFIERS 











Completely encapsulated Selenium 
Rectifiers. Available in half-wave, cen- 
ter tapped or bridge units in various 
voltages and current ratings 


CTiF 


PHONE 
E PH O WE FR 
E jn ok Ss FO 


Miniature Rectifiers 


RS Type 
From 65 to 1,000 ma. 


IER 
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SINE CURVE 
SNAP-ACTION 
ELEMENT 


Normally 
Closed 
STATIONARY 
CONTACT 


Nw 
4 
s 


METAL 
ACTUATING 


BUTTON METAL 


SWITCH 
CASING 


SILICONE, 
NEOPRENE, 
or VINYL 
CASING 


Normally 
Open 


STATIONARY 
CONTACT 


CONTROL 


SSEX STREET 


4eiele) ( 


a Me dabi-le 


PRODUCTS - INC 


HARR ON NEW JERSEY 
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pyrometric switches, together with ap- 
plications, circuits, dimensions, and 
mounting details 


(U-47) SWITCHES—Carling, El 

tric, Inc., Catalog B, 10 pp. Lists 
switches for: appliances, aircraft; auto- 
motive; electronic; marine; motor con 
trol; and special application for a-c or 
d-c. Has illustrations of all types, plus 
dimensions and complete specifications 


(U-48) ELECTRICAL INSULA 
TION—Suflex Corp., Booklet, 10 pp. 
Describes all of the recent develop- 
ments in untreated and treated sleev- 
ings for electrical insulation, particu- 
larly where high- and low-temperature 
ranges are a factor. Includes perform- 
ance specifications, grades, sizes, types, 
other technical data 


(U-49) PRINTED CIRCUITS—The 
Kotula Co., Booklet, 8 pp. Printed 
circuits, their function, fabrication, and 
application are covered. Has materials, 
electrical characteristics with tables of 
valves, components such as capacitors, 
resistors, tube sockets, and switches 


(U-50) VACUUM TUBE ELECTRO 
METERS — Keithley Instruments, 
Booklet, 8 pp. Has 19 application dia- 
grams, plus a full description of acces 
sories, which permit measuring a wide 
range of d-c voltages, currents as low 
as 10-'4 amp, and resistance to 1078 
ohms 


(U-51) HOOK-ON INSTRUMENTS 

General Electric Co., Bulletin GEC 
901, 8 pp. Describes in detail a com 
plete line of hook-on instruments, giv 
ing applications, operation, and the 
basic features of the hook-on type AK 
1A volt ammeter; AK-2 watt meter; 
ind the AK-3 power factor meter 


(U-52) INDICATING CONTROI 

Minneapolis-Honeywell Regulator 
Co., Bulletin 1052, 8 pp. Discusses the 
pulse Pyr-O-Vane indicating millivolt 
meter controller which provides tim« 
proportioning control action, and is 
designed for temperature control on 
electrically-heated or fuel-fired pro 
cesses where on-off, or two-position 
1a 


controllers do not provide sufficiently 


‘ 1 
close control 


U-53) TRANSFORMERS AND RI 
ACTORS Southwestern Industrial 
Electronics Co. In Bulletin, 8 py 
Gives complete specifications on 

portant interstage and output trans 
formers and reactors. Also discussed 
are applications, design, construction 
terminals, core, coils, impregnation 


shielding and matching 


(U-54) ELECTRICAI INSULA 
TION—Dow Corning Corp., Bulletin 
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8 pp. Gives advantages of the class H 
electrical insulation containing sili- 
cones. Said to have temperature ad- 
vantage of 100 C and a greater life 
expectancy. Has illustrations showing 
applications, and a complete list of 
spec ifications 


(U-55) CIRCUIT BREAKER—Bull- | 

dog Electric Products Co., Bulletin B- | 
360, 8 pp. Information and specifica- alll ‘f tt f 

tions on the new electric-centers used Bt a " 


in pushmatic circuit breakers. Has in- 
stallation and closeup views, and elec- | 


trical data. | CPI super high-temp thermal switch 


(U-56) RECTIFIER STACKS—Gen- 

eral Electric Co., Booklet GEA-5699A, 

8 pp. Complete with charts, graphs, rs 

and tables illustrating the character- © FASTER RESPONSE DUE TO 
istics, manufacture, circuit design, and é LOWER THERMAL MASS 


application of copper-oxide rectifiers. © MAINTAINS UNUSUALLY 


Tables give ratings of: bridge; single 
ll wave midtop; and three CLOSE TEMPERATURE 
CALIBRATION 


phase ful 
phase full wave bridge cells 
®@ OPERATING 


57) PREC YN SISTORS 
(l ) PRECISION RESISTOR TEMPERATURES TO 1700°F 


The Daven Co., Booklet R, 6 pp. Gives ‘ 
description of precision wire arm fe- . 4 © OVERSHOOT TO 2000°F 
sistors, hermetically sealed resistors, 

and miniature resistors. Each are in- . ; ®@ MAXIMUM VIBRATION 
dividually charted with diagrams, RESISTANCE 


tables and information such as wattage, 
dissipation tolerances, temperature co- : © CONSTRUCTED OF HIGH 


efficients and maximum resistance is TEMPERATURE ALLOYS 
values with different types of dimension 
nd types of mounting 


© LIGHTWEIGHT 

(Approx. 6 ounces) 
(U-58) SMALI PRECISION 
SWITCHES—Micro Switch, Bulletin 
A-84-55, 6 pp. Illustrates the many 
precision switches used for aircraft. 


© PLATINUM IRIDIUM 
CONTACTS FOR LONG LIFE 


Shows and give 


gives the most important ap- 
plications for the snap-action switches 
buil t specifications AN, MIL, 
na 


JAN 


(U-59) MINIATURI SNAP - | 
SWITCH—tThe Sessions Clock, Bul- 
letin 101, 6 pp. Data on the construc- 
rational characteristics of | 
iswitch. Has specifications and 


gs. Has illustrations of 





(U-60) QUARTZ CRYSTALS—The 
James Knights Co., Catalog 51, 6 pp. 
Illustrates 31 types of quartz srystals 
for every application, giving frequency 
range, material, type of mounting, and 


principal use. Each model has an engi- role) bacie)e 
neering diagram y 
(U-61) SOLENOIDS—Soreng Mfg. | Pe PRODUCTS 


Corp., Catalog, 24 pp. Facts on small, 

light weight solenoids, solenoid oper- | 7 INC 
ated switch, snap action switch, push | 

button switch, door switch, rotary selec- 
tor switch, and pressure switches for 306 SUSSEX STREET HARRISON erty? 
liquid level control. Has engineering : 

drawings, operating curves, and speci- 


ncations 


Product Engineering — 1954 Annual Handbook 








NEW BOOKS 


Hydraulic & Pneumatic Equipment 





Pipe Resistance for Hydraulic, 
Lubricating and Fuel Oils, and Oth- 
er Non-Aqueous Liquids by T. E. 
Beacham. 6 x 10 in., 61 pp. Pub- 
lished by E. & F. N. Spon Ltd., Lon- 
don, England, $2.52. 


Provides a simple and accurate means 
of estimating the pipe resistance for the 
flow of hydraulic, lubricating, fuel, and 
other non-aqueous fluids. Part I re- 
views the practical considerations, and 
the use of the diagrams and data re- 
quired. Part II has a series of pipe re- 
sistance diagrams for the various 
roughness of pipe bore, viscosities and 
specific gravities of fluids. Curves cover 
oe Pee steel, and W. I. pipe 
of standard commercial quality, and 
smooth, highly finished drawn tubing. 
In addition, a section reviews the pro- 
cedure in the construction of the dia- 
grams to aid those who want to make 
their own curves for a particular set 
of conditions 


Compressed Air Handbook, Sec- 
ond Edition by Compressed Air 
and Gas Institute, 468 pp, 6 x 9 in. 
Published by McGraw-Hill Book 
Co., 330 West 42nd St., New York 
36, N. Y. 


Presents a thorough coverage of 
tools, compressed air applications, cen 
trifugal compressors, tests, computa- 
tions, reciprocating-compressor plants, 
and auxiliary equipment. Will give 
plant designers, plant operators, com- 
pressor designers, and sales engineers 
a good practical working knowledge 
of the entire compressed air field 


Handbook of Applied Hydraulics, 
Second Edition. Editor-in-chief, Cal- 
vin Victor Davis, Vice-President, 
Harza Engineering Co., 1272 , 
6% x 9Y, in. Published by the Mce- 
Graw-Hill Book Co., 330 West 
42nd St., New York 36, N. Y. $15. 


The objectives of this second edition 
are identical to those of the first. It 
deals primarily with the practical as 
pects of all phases of ieteedlc engi- 
neering and includes much reference 
material 

New sections have been added on 
water hammer, surge tanks, speed reg 
ulation and navigation locks. Other 


hii4 


sections either have been rewritten or 
brought up to date. 

The 25 sections of this manual, each 
of which was prepared by a specialist 
in the field, include: River Regulation 
by Reservoirs; Gravity Dams; Arch 
Dams; Buttress Dams; Earth Dams; 
Rock-Fill Dams; Spillways and Stream 
Bed Protection Works; Spillway Crest 
Gates; High Pressure Outlet Works; 
Canals, Flumes, Covered Conduits, 
Tunnels, and Pipe Lines; Hydroelec- 
tric Machinery; Water Hammer; Surge 
Tanks; Speed Regulations and Govern- 
ing Stability; Navigation Locks; Irriga- 
tion; Irrigation Structures; Water Sup 
plies; Water Distribution; Water 
Treatment; Sewage, Sewage-Treatment 
Hydraulics, Hydraulic Models. 


Basic Mechanics of Fluids by 
Hunter Rouse, Prof. of Fluid Me- 
chanics and Director lowa Institute 
of Hydraulic Research, and J. W. 
Howe, Prof, and Head of Dep’t of 
Mechanics and Hydraulics, State 
Univ. of lowa, 6 x 9 in., 245 pp. 
Published by John Wiley & Sons, 
440 Fourth Ave., New York 16, 
N. Y., $4.50. 

Intended to provide a fundamental 
basis of the mechanics of fluids for all 
types of engineers, this book approach 
es the subject from the mechanics point 
of view at all times. In brief, the basix 
principles of kinematics and dynamics 
are applied to the elementary motion 
of a fluid, and the effect of each essen 
tial fluid property is studied in turn 

The ten chapters are headed as fol 
lows: Introduction; Fluid Statics; Fluid 
Kinematics; Fluid Dynamics; Effects of 
Fluid Weight; Effects of Fluid Vis 
cosity; Resistance to Turbulent Flow in 
Conduits; Resistance to Flow Past Im 
mersed Bodies; Lift and Propulsion 
Effects of Fluid Compressibility. 


Fluid Dynamics, Volume IV. Ed- 
ited by M. H. Martin. Editorial 
Committee: R. V. Churchill, Eric 
Reissner and A. H. Taub. 186 pp, 
7 x 10 im. Published by the Mc- 
Graw-Hill Book Co., 330 West 
42nd St., New York 36, N. Y., $7. 


This volume consists of fourteen 
papers on Fluid Dynamics which were 
presented at the Fourth Symposium on 


Product 


Applied Mathematics, held at the Uni- 
versity of Maryland, June 22-24, 195i. 
It contains subject matter which can 
be divided into four categories: Turbu- 
lence, Compressible Flow, Foundation, 
and Incompressible Flow. Included are 
significant contributions on the statis- 
tical theory of turbulence, papers on 
the mathematical theory of supersonic 
and transonic flow, and a treatment of 
shock waves and gravity waves. The 
subject of incompressible flow is repre 
sented by articles on propeller theory, 
numerical methods, viscous flow, and 
the method of singularities. 


Hydraulic Transients by George R. 
Rich, Consulting Engineer, Chas. 
T. Main, Inc., 260 pp, 6 x 9 in. Pub- 
lished by the McGraw-Hill Book 
Co., 330 West 42nd St., New York 
36, N. Y. $7.50. 


This practical book shows how arith- 
metic integraticn, and trial-and-error 
arithmetic are applied to the solution 
of a wide variety of problems in hy- 
draulic transients. For practicing design 
engineers, students of engineering, and 
others interested or working in the 
hydraulic or hydroelectric fields, it not 
only furnishes background for the cal- 
culation of particular problems by 
arithmetic, but also provides essential 
mathematical foundation for the sup 
porting theory 


Hydraulics As Applied to The Ma- 
chine Tool Industry. 194 pp. 8 x 11 
in. Vickers Inc., 1454 Oakman 
Blvod., Detroit 32, Mich., $2. 


This is one of a series of textbooks 
prepared by instructors in the Henry 
Ford Trade Schools for the instruction 
of Hydraulics. It includes information 
about pumps and valves and their main 
tenance and repair; also the practical 
application of hydraulics to the various 
machines for the control of speeds and 
feeds 

Divided into 52 lessons of from 3 to 
{ pages each, it starts off with a basic 
discussion of hydraulics and progresses 
to the more complicated designs and 
application. Each section is well illus 
trated, and from 5 to 10 questions are 
given as homework or review at the 
end of each section 
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Hydraulic and beds 
Pneumatic Equipment 
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either acceleration 
the flow of a mass of fluid in hydrau- 
lic circuits, presents a frequently oc- 


i HYDRAULIC AND PNEUMATIC EQUIPMENT 


Pressure Surges in 


Hydraulic Circuits 


Water hammer in hydraulic piping and method of calculating the amplitude « 


pressure waves that result both from rapid and from gradual valve closure ot 


simple and of compound pipe lines 


or deceleration of 


( apacity of 


all 


problems, liquids are generally con 
sidered to be incompressible In pres 
sure surge analyses, however, the elas 


accumulator required t 


suppress pressure surge. Application of equations is demonstrated by examples 
NOTATION 
a = velocity of pressure wave, ft per sec Pwax =Maximum static pressure immediately up- 
ag = effective velocity of pressure wave, ft per stream of valve, psi absolute 
sec Pu static pressure immediately downstream of 
A = cross-sectional area pf pipe, sq in. the valve, psi absolute 
A. = area of throttling orifice before closure, Q volume rate of flow, cu ft per sec 
sq in. t = wall thickness of pipe, in. 
c = velocity of sound, ft per sec y = time in which valve is closed, sec 
Cp = coefficient of discharge Vv = fluid volume, cu in 
D = inside diameter of pipe, in. Va = air volume, cu in. 
E = modulus of elasticity of pipe material, psi Vv = normal velocity of fluid flow in pipe with 
F = force, Ib. valve wide open, ft per sec 
é = gravitational acceleration, 32.2 ft per sec * Vy = equivalent fluid velocity, ft per sec 
K = bulk modulus of fluid medium, psi Y,, = velocity of fluid flow during interval n, ft 
L = length of pipe, ft per sec 
yw = mass, slugs Ww = work, ft lb 
N = T/(2L/a)— number of pressure wave in 
tervals during time of valve closure = specific weight, Ib per cu ft 
Pp = normal static fluid pressure immediately On = coefficient dependent upon the rate of change 
upstream of valve when the fluid velocity in orifice area and discharge coefficient 
is V, psi absolute ’ period of oscillation of air cushion in a sealed 
Ap = amplitude of pressure wave, psi chamber, sex 
NILS M. SVERDRUP he flowing mass of tluid in a hydrauli Val E tor s 
Hydraulic Engineer, circuit results in elastic surges that fr 
Ae eee ‘ | damage to the pipe lin 
juently Cause da ge € pipe : atid 
and to the components of th Lu ‘s 
. Aluminum 0,700,000 
MINIMIZING WATER HAMMER Or system Siesieens 17,000,000 
surges, which result from In the solution of hydraulic flow St robe anne 99 000.000 


For a liquid, the relation betwe 


and th 


is defined 


nange ol pressul corre 





sponding change in volum 
[ modulus K, or the ratio 
cremental change in unit pre 


ticity of the fluid and that of the p 
material are of utmost significance 


curring design problem to the hy 
draulic engineer. This problem is 
probably one of the more complex For 


the bulk 


a homogeneous solid material ssuf 


met with in hydraulics. Fortunately the relation between stress and strait » the corresponding chang 
when understood, the phenomenon of _ within the elastic limit is defined by unit volun 

water hammer readily lends itself to the modulus of elasticity E, or th kK 

mathematical analyses ratio of the unit stress to the corr 


spond ng elongation per unit leneot} 


Either acceleration or deceleration of 
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SEQUENCE OF EVENTS eapended 
| + — Fluid 
IN ONE CYCLE OF A x ____._ Fluid velocity=V pe TP oe welocity=O \ 
Density=¥ Density=7+hY 
PRESSURE SURGE ‘ 
Vo/lve 
4 
Front of pressure wove pissed ae oe ol 
7 
po eteenccegn satan HS Time= & $a oon sent om “y y ae.» ~~ 
7 ; " . 
( A) With fluid flowing in normal di- pan os oe ele an etree” cr tr Eee Amplitude $i - Ae : 
rection, pressure wave starts at and 2| x “s pressure wave 


travels away from valve immediately 
after closure, and pipe expands. 


a Pipe ; 
aa xaponded ermal 


a ea 


Mox 





Fig. 1 (A) 
(B) Fluid flow is opposite to normal, 
pressure wave travels back to closed 
valve, pipe contracts to normal size. 


pressure ‘ pressure 
_ Fluid velocity =O 


Density= ¥ #4Y/ % ; 


aie’ “aiatets eal ahaa 
Absolute zero pressure 


Froat of pressure wove 


Velocity=a 


on Time: 4tt le. 


























sax Sf 
(C) Fluid flow is still opposite to en BNE size x ; 
normal, pressure wave is reflected {ns eee ee _ 
ows oodl , ; a ipe 
away from closed valve, and pipe con exponded 
tracts to less than mormal size, 090000001 a i 
a “Fluld ' 
velocity=-V Fluid velocity =O \ 
a Pte: 2 awe. \ 
Density= ¥ Density= Y# AY \ 
. 2L 
D) Fluid flow is i ym le 
(D) Fluic flow is in normal direc- Front of pressure wove ‘closed 
tion, pressure wave returns to closed Py 
valve, pipe returns to normal size. “he Lappe See ae x 
oe Time = 7) / | 
/ 
z| ! Normol pressure 
Norma/ pipe BR SS " : 
size t 
i 
srs p 
™ Fluid velocity =-V ites es! 
Density= Y 
NE is Sar a 
Fig | (8) Absolute zero pressure 


volume d 


licates that the 
the pressur¢ increases 


Values of K for oil and 


water al 
iormal operating temperatures in hy Assume that f 
lraulic circuits are generally taken as onstant velocity 


length L, as inc 
Medium K : 
: a and the valve at 
Ou 250.000 
Water 20) OO) At the instant 


lamina of fluid 


lecreases as SEQUENCE OF EVENTS 


luid is flowing with a sure p. The velocities of adjacent 
V through a pipe of laminas of fluid are then successively 
licated in Fig. 1(A), decreased to zero and their kinetic 


X is closed suddenly nergy converted into pressure energy 
the valve is closed, a A having a velocity 
adjacent to the val\ 


pre ssure wave 


ind an amplitude of therefor 


A definite relationship exists b is brought to rest. The kinetic energy travels up the pipe from X to Z 

tween the bulk modulus K and th of this lamina of fluid is converted After //a sec the column of fluid X) 

velocity of sound in a medium. This nto pressure energy that compresses (/ ft long) is brought to rest, during 

lationship is given by the wellknown the lamina and stretches the portior which time the kinetic energy in this 

uation: f the pipe wall surrounding the olumn is converted into pressure en 

lamina. Immediately upstream of th ergy, meanwhile the pressure in col 

68.094y K/> : vulve, the pressure is increased by ar umn YZ is still normal and the fluid 

a a K 9.157 10-4 3 amount above the normal pres n YZ is still flow:ng with its initial 


Js 


I 
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Fluid velocity=V 
Density = 7 


velocity V. After L/a sec, total 


the 
column XZ of fluid will be brought 
to rest 


at this instant the hydrostatic 
pressure throughout the pipe is super 
normal, the iS cnanied 
and the column fluid is com- 
pressed to a greater than 


entire pipe 
XZ of 
density 
normal 

In Fig. 1(B) are indicated the con 
ditions that prevail the instant imme 


diately after the velocity of the entire 
nass of fluid is reduced to zero and 
no kinetic energy is available to main 


tain the state of supernormal pressure 
At this instant, the pressure of the 
lamina of fluid at Z immediately re 
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turns to normal, the pipe wall sur 
rounding this lamina contracts to nor, 
mal size, and the fluid in this lamina 
expands 

A wave of pressure decrease pro 
ceeds from Z to X with a velocity a 
while fluid stored in the space created 
by the earlier expansion of the pipe 
and of the fluid, Fig 
1(A), is discharged upstream with 
velocity V. After 2L/a sec, th 
pressure wave reaches the closed valv 
the entire pipe is returned to normal 
size, the fluid is expanded to its nor 
mal density, the hydrostatic pressure 
throughout the pipe is normal, and the 


compre $si0on 
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column XZ of fluid flows toward Z 
with V velocity 

In Fig. 1(C) are indicated the con 
ditions that accompany the flow of 
fluid toward Z. As a result of the 
fluid inertia and velocity in the re 
versed direction, the fluid tends to 
separate from the end of the pipe 
at X. The hydrostatic pressure of the 
lamina of fluid immediately adjacent 
to the closed valve drops to subnor 
mal, the velocity of the lamina is 
reduced to zero, the pipe contracts, 
and the fluid expands 


A wave of subnormal pressure then 


proceeds upstream with velocity a 
while adjacent laminas of fluid are 
successively brought to rest. After 


3L/a sec, the reaches 
the upstream end of the pipe at Z 
the velocity of the entire column of 


fluid is reduced to zero, the pipe wall 


pressure wave 


is contracted throughout its length, the 
fluid is expanded to a density less than 
and the 
the pipe is subnormal 


normal, pressure throughout 


In the lower view of 


the total column of 


Fig. 1(C), 
fluid is shown at 


rest again, the static pressure ol the 
lamina of fluid at Z, Fig. 1(D), im 
mediately returns to normal, the pipe 
wall expands to normal size, and 


the fluid compresses. A wave of nor 
mal pressure proceeds from Z to X 
with velocity a, while fluid flows with 
velocity V into the space created by 
the expansion of the pipe and 
pression of the fluid 
After 4L/a sec, the 
closed valve the 
pipe is returned to its initial size, the 
column of fluid 
initial density, the hydrostatic pressure 
is returned to normal throughout the 
pipe, and the fluid in the pipe flows 
toward the closed valve with velocity 


com 


} ressure Wave 


reaches the entire 


is compressed to its 


V. These events complete a cycle of a 


pressure wave in which the pressure 
wave travels away from and back to 
valve, then is reflected away from and 


returns to valve 


Instantly another similar cycle starts 


If there were no resistan to flow 


the surg would con 


phenomenon 


r 7 
tinue to repeat tself indefinitely with 


undiminishing intensity. As a result 


of hydrauli friction, however, some 
energy is dissipated into heat and the 
initial velocity V 


throughout the 


decreases slightly 


cycle. The amplitude 


f the pressure surges, therefore, suc 
cessively diminishes until the oscilla 
tions eventually are damped out 
The following analysis of pressur 
surge in hydraulic pipe lines that ac 
ompany rapid and gradual vals 
closure is based on the fore roing n 
( pt of the bel r or | ssure wa 





RAPID VALVE CLOSURE 


In a hydraulic system, when the 
velocity of the flowing fluid is changed 
by opening or closing a valve, pressure 
surges result. The amplitude of the 
pressure surge is a function of the rate 
in velocity of the 


of change mass of 


fluid 

A pipe through which fluid is flow 
ing with a velocity of V is shown in 
Fig. 2. When the valve at the end of 
the pipe is closed rapidly, the kinetic 
energy of the fluid 
is changed into pressure energy. A 


moving mass of 
sudden rise in pressure in excess of the 
normal static pressure thus results 


Where 


AT = increment of time in closing 
valve, sec 
A} decrease in velocity in time 


AT, ft per se« 


Op resulting pressure rise, psi 
m mass of fluid the velocity of 
which is changed, slugs 
{ cross-sectional area of pipe 


sq in 


then Newton's second law gives 
ApA=m (AV, AT), Ib { 


Force 


in which the negative sign indicates 
that an increase in / 
to a decrease in L } 


P corresponds 


If the velocity of the mass m could 
from V to instan 
taneously, the pressure resulting from 


dC reduced zero 


the instantaneous change in velocity 


would be infinite. In practice, how 


ever, such an instantaneous change is 
impossible to achieve, and during thc 
tume of valve closure a series of pres 
sure waves is created that travel back 
and forth 


between the pipe extremi 


ties 
When effected 
before the first pressure wave has time 


to return to the 


complete closure its 
valve, that is, if 
than the 
mak« 


rip between the pipe ex 


closure is effected in less 
time required for the wave to 
one round 
tremities, the resulting pressure ris 
1S the had 


except 


same as if the valve been 


instantaneously closed for the 
effect of the 
fluid and the pipe 


This type of closure will be referred 


compressibility of th 
elasticity of the 


to as rapid closure and occurs when 


the closing time T is equal to or less 


than 21 seconds 

INELASTIC Pipe. Assume that the pipe 
in Fig. 2 is inelastic, that the fluid is 
compressible, and that the valve clo 
sure is instantaneous. The kinetic en 


ergy of the moving mass of fluid then 
is changed into, pressure energy, and 
the fluid column of length L is com 


pressed the amount 


Je 


L by the average 








Valve 
Fig. 2—Fluid column in pipe is com- 
pressed when valve is closed rapidly. 


INCcreasc F of the force / produced 
by a pressure surge of amplitud 
p, or 
AF = pA/2, tb 5 


From Eq (1), the bulk modulus is 


, aN P iL > 12 \ pL 
K rane _— (6 
1AL x12 AL 
from which 
AL ApL, k 7 


The work Wy; required to com 
press the column of fluid the amount 


L is 
AF al | — ) 
A pL A jp - 1/ 
A 2A 


Then neglecting the small amount 
of energy that is dissipated in heat 
during this process, the energy equa 
tion becomes 


Ww Al 


yALV? Apral 

144 24 2A 
Lp V/12) V7 A 10 
The value of A p as given by Eq 


(10) is the amplitude of the pressure 
that from the rapid 
change in the velocity of the fluid fron 
lV’ to zero in an inelastic pipe 

Substituting in Eq (4) the 


wave results 


valuc 
the mass of fluid the velocity of wh 
s changed, it follows that 


A 1/144 v/a 
/ 144 Apaqiy wi 12 


In time JT, the column of fluid of 
length L is compressed into the length 
L minus A L and a wave of compres 


i 





that time. Since the column of fluid 


is compressed /\ L in time T, 


AL=TV 13) 


Equating Eqs (7) and (13) and 
solving for A p, then substituting the 
value found for A p in Eq (12) and 
solving for the ratio L/T, 


L7 l2yVg K/y 14) 


But L/T is the velocity a of the 
compression wave traveling upstream 
the distance L in time T, hence 

a = 12/9 K/y = 68.0940/ K;y (15 

Referring to Eq (2), it is evident 
that a in Eq (15) is also the velocity 
of sound in a medium of specific 
weight y and bulk modulus K, there- 
fore, if the pipe were inelastic the 
velocity of the pressure wave would 
equal that of sound in the fluid 


ELASTIC PIpPI 
shown in Fig 3 ts 


Assume that the pipe 
elastic, that the 
fluid is compressible, that the valve is 
closed rapidly such that 7 2 L/a 
and in this time the velocity of the 
fluid is reduced from V to zero. 

In addition to the work done in 
compressing the column of fluid the 
amount /\ L as evaluated by Eq (8), 
work is expended in expanding the 
pipe work Wap, done 
in expanding the pipe is the product 
of the average unit stress (psi), the 
cross sectional area of the pipe wall 
(sq in.), and the maximum circum- 
ferential elongation of the pipe wall 
(ft), or 


walls. The 


DL/21 16 


Neglecting the energy stored in the 
pipe as a result of longitudinal elonga 
tion and also neglecting the energy 
dissipated in heat, and denoting the 























sion therefore travels the length J pressure energy stored in the com 
b l > 
vay ~~ Volve ----E/longation 
7 | ’ 4 
f yr 
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Fig. 3—Elongation of the pipe when the fluid velocity suddenly becomes zero. 
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O/t; |.D. of pipe / wall thickness 


Fig. 4—Velocity of pressure wave in oil column in 
pipe of different diameter to wall thickness ratios. 


pressed 


fluid by Wat 
the energy equation becomes 


column of 


m V2/2 = Wa Wap 
y ALV? py? Al 
144 X29 2K 
pr ADI! 
2k ¢ 
or 
68.094 y | ie 
1449/7 K) + (D/E on) 
When T < (2L/a), the value of 


p given by Eq (17) is the ampli- 
tude of the pressure wave resulting 
from a rapid valve closure 

After a small closing movement of 
the valve, a travels 
from the valve upstream with velocity 
a. In any differential element of time 
dT, this wave will have a differential 


pressure rise d/\p, and the wave will 
traveled a distance 


pre ssure wave 


have 
] ] 


In addition, from Eq (4) 


Integration of Eq 
the limits of th nor il velocity | 
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and the reduced velocity Vg that re 
sults from partial valve closure gives 
the maximum pressure rise; hence 


ya 


l4ig 


Vp 19 


Where p denotes the normal 
pressure immediately upstream of the 
valve and py4x denotes the maximum 
pressure 


static 


PMAX P+ Op 20 


If the velocity is changed from V 
to zero, the amplitude of the pressure 
Wave Is 


1) /l44g zl 


Equating Eqs (17) and (21) 


68.004 
VylQl/A D/Et 
The value of given by Eq (22) 
is the velocity of the pressure 
when both the fluid and the pipe ar 
onsidered elastic 
The charts, Figs. 4 and 5 
ire based on Eq (22), give the velox 


wave 


which 


ity of the pressure wave versus D 

ratios for an oil column and water 
column pipe of different mate 
rials. The application of the charts 
and the foregoing equations is dem 


onstrated by the following examples 


and 


with a 
per cu ft and 


EXAMPLE 1. Oll 
W ight of * II 


specifi 


1 bulk 
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0/1; 1.0. of pipe /woll thickness 


Fig. 5—Velocity of pressure wave in water column 
in pipe of different diameter to thickness ratios. 


modulus of 250,000 ps! flows at the 
rate of 40 U. S. gpm through a stain 
pipe The pipe is 40 ft 


le $s steel 


long, 1.5 in. O.D, 1.402 in. LD, 
0.049 in. wall thickness, and has a 
modulus of elasticity E of 29 « 108 


psi. The normal stati 


upstream of the valve is 
When the flow is 
reduced to zero in 0.015 sec by closing 
1 valve at the end of the pipe, what is 


pressure im 
mediately 


500 psi absolute 


(A) The velocity of the pressure 
wave; (B) the period of the pressur: 
wave (C) the amplitude of the 


and (D) the 


mum static pressure at the valve 


pressure wave maxi 


SOLUTION 


velocity of 


(A) From Eq (22), the 


the pressure wave is 


6S .0904 


52 [(1/25 x 104 


\ (1.402/29 « 10 


4228 ft per see 


< 0.049) 


Alternate solution using Fig. 4 

D 1.402 0.049 28.6 
or stainless steel pipe having a D 
ration of 28.6, the velocity a of th 
pressure wave 1s 4228 ft per sec 
(B) The time for the pressure way 
to make one round trip between the 
pipe extremities, or one interval, i 

2L/a = 2 X 40/4228 = 0.0189 sex 


1 +} neriod af the nr 


pressul wave 


Jn 


















2 X (2L/a)= 2 X 0.0189 = 


(C) Since the time of 0.015 sec for 
valve closure is less than the interval 
time 2L/a equal to 0.0189 sec, the 
pressure surge can be computed by 
Eq (21) for rapid valve closure. 


0.0378 sec 


The velocity of flow is 

10 k 231 x 4 
1.402? « 12 
= 8.3 ft per sec 


60 xX « 


The amplitude of the pressure wave 

from Eq (21) is 
52 X 4228 < 8.3 
\p 393.5 psi 
144 * 32.2 

(D) The resulting maximum static 
pressure immediately upstream of the 
valve from Eq (20) is 


500+ 393.5 893.5 psi abs 


EXAMPLE II. What would be the 
pressure rise in Example I if the pipe 
aluminum instead of stainless 


PM AX 


was 
steel ? 


SOLUTION: From Fig. 4, for alumi 
num pipe having a D/t ratio of 28.6, 
the velocity a of the pressure wave is 
3655 ft per sec 

The time for one interval of the 
pressure wave is then calculated from 


2L/a 2 10/3655 0.02188 sec 


Since the time of 0.015 sec for 


valve closure is less than the interval 


time 2L/a 4 oe to 0.02188, the pres- 


sure rise can be computed by Eq (21) 
for rapid valve closure. 
52 x 3655 x 8.3 340.2 

Ap = e « 2 Dsl 

=e 144 X 32.2 , 
and the resulting maximum static pres- 
sure at the valve is 
= 500 + 340.2 = 
EXAMPLE III. What would be the 
pressure rise in Example I if the flow 
medium were water having a bulk 


modulus K of 300,000 psi and a spe- 
cific weight of 62.42 lb per cu ft? 


PMAX 840 .2 psi abs 


SOLUTION: From Fig. 5, for a stain- 
less steel pipe having a D/t ratio of 
28.6, the velocity a of the pressure 
wave is 4147 ft per sec. 

The time for one interval of 
pressure wave is 


the 


2L/a 2 X 40/4147 0.01929 sec 

Since the time of 0.015 for 
valve closure is less than the interval 
time 2L/a equal to 0.01929, the pres- 
sure rise can be computed by Eq (21) 
for rapid valve closure. Therefore, the 
pressure rise where the flow medium 
1s water 1S 


sec 


$147 X 8.3 


xX 32.2 


62.42 


144 


163.4 psi 


and the maximum static 
the valve is 


pressure at 


Pwax = 500 163.4 963.4 psi abs 


GRADUAL VALVE CLOSURE 


When the closing time T is greater 
than one interval 2L/a, the pressure 
wave is reflected from the valve and 
travels again upstream with the ve 
locity 4. The number of pressure wave 


ntervals during the time T of valve 
closure is 
\ l’/(2L/a 23 


ind the amplitude of the pressure 
ive during any interval is propor 
tional to the decrease in velocity dur 
ing that The total pressure 
hange at any instant during the clos 
the valve is the the 
amplitudes (positive or negative) of 
the pressure waves produced up to 
that time. The fluid velocity V» during 


interval 


ing of sum of 


any pressure wave interval is the 
normal velocity V minus the sum of 
the decreases in fluid velocity in the 


preceding intervals 

If during the mth interval the d 
then in 
uccordance with Eq (19) the increase 


crease in velocity is A Va 


in pressure during the mth interval is 


Js 


Ap ya/144g) AV, 24 


and the velocity of the fluid after the 
nth interval is given by 


rt) 


>> 
) 


in which p is the normal static pres 
sure immediately upstream of the 
valve before valve closure when the 


fluid velocity is V, and ¢, is the flow 
coefhcient of the valve at the mth in 
terval, and p« is the static pressure 
immediately downstream of the valve 

The sum of the terms included in 
parentheses under the radical sign in 
Eq (25) represents the static pressure 
immediately upstream of the valve 
when the fluid ra 
second term in these parentheses rep 
resents the pressure rise, 


velocity is } 
which is 


Product 





equal to the algebraic sum of the am- 
plitude of the pressure waves, or 


i=] 7 
Ap = APDn A Pa-i t+ 
i=n 
A A i . fe 4 
Q Pa—-2 — OPn-3 T t+ An (26) 


In Eq (25), the term and its evalu- 
ation that represents the total decrease 
in velocity in » intervals is 


i=n 

y A Vi AVitAV:t 
+=] 
AVs+ t+AV, (27) 


The value of the factor ga depends 
upon the rate of change in the area 
of the throttling orifice and in the 
change in the coefficient of discharge 
Cp. If the area of the throttling ori- 
fice before closure is A, and the cross 
sectional area of the pipe is A, the 
volume rate of flow OQ is 


AV CpA 
144 144 


# 


« 


144 (p — pa 


\ 29 
From Eq (28) the fluid velocity is 


} 12 4/29/y (Ao/A)CovV/p — p 


29 
which can be written in the form 
J ov P j 30 
hence 
’ 12 €, { 1) VV 2¢/y 
V/V p j 3] 
ind for the wth interval 
’ 12 Cpn (An/A) ¥ 29/1 
J Vp Pa 32 


For the mth interval, if the closing 
velocity of the valve and the rate of 
decrease in orifice area are 


ind Cp is constant 


uniform, 


¢, = {I n/N)io 


substituting from Eq (23) 
Pra) il n (2L/aT )he 34 


With a value for gs determined 
from Eq (34), the pressure rise at 
any instant during the closing of the 
valve can be computed by solving Eqs 
(24) and (25) simultaneously 

The value of gs» as given by Eq 
(34) is applicable only to uniform 
when the 
ing velocity of the valve and the de 


in orifice area are 


valve closure, that is, clos 


crease uniform. In 


practice, uniform valve closure is 
rarely attained 

The mathematical pre 
sented, however, may also be applied 


to nonuniform 


method 


valve closure because 
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the factor gs appearing in Eq (25) terval, as calculated in Example | 8 3/\/500 17 =().377 
and defined by Eq (32) is a functior 0.0189 sec. Then from Eq (23) 
of the closing characteristics of th total number of intervals N ver First Int 
d valve. If great accuracy is 1 quit 1, it which valv losure occurs is For the first interval (53) 2 
may be necessary to conduct a study . — : 
of the hydraulic and mechanical clos U0 /U.ULSE ' 
ng chara teristics of th Sp nl vali As comput | fron | ee) pag 1 DY 5 +) 
determin i il 17, Product Engen April 19 
with rel h Calculating the Energy Loss Hy 
draulic Syst he press l ~ _ 
EXAMPLE IV\ I 1 stra h the pipe at a flow rat ido U. § 
applications of the equations for grad- gpm is about 4 psi. Sir his 
ual valve closure, assume that in Ex is small, the normal static pressu : - 
umple I the valv losure is unifort of 500 psi abs immediately upstrea g 
and that closure takes pla n 0.095 of the valve may be considered 
sec, and that the pressure { lown constant regardless of th hange it US N ; Ad Ae 
stream of the vals S atmos] her or velocity dur ng th losing of tl . | 1) and { 
14.7 psi abs. I 1 t] result ’ res valve 
sur As pt ly a 
ft. per sec, th 1, f ) | 
SOLUTION: The tin L/a of one in Eq (31) is 
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and from Eq (25A) the fluid velocity 
for the first interval is 
V; V AV, 8.30 
7.05 ft per sec 

The decrease AV, of 1.25 ft per 
sec, therefore, results in a pressure rise 
A p; of 59.30 psi during the first in- 
terval, and the static pressure immedi- 
ately upstream of the valve increases to 


Pr P+ AP 500 + 59.30 


559.3 psi abs 
Second Interval: 
For the second interval the value of 
@e IS 


2 1 — (2/5)} 0.377 = 0.226 


At the beginning of the second in 
terval, the first pressure wave of am 
plitude +-59.3 psi will have returned 
to the valve as a subnormal 
and will the static 
pressure during the second interval by 


| 
that amount. By Eqs (24) and (25) 


wave ol 


pressure reduce 


A pe = 47.415 Al 24B 


Vo = 8.30 125+ At 30.226 


V/ 500 + (A p 59.30 25B 


14.7 


Solving Eqs (24B) and 25B) simul 


{ ineously 
AI 962 — 6.349 = 1 


1.9] 


91 It per se 


900 56 Ds! 


1.91 5.14 ft per sec 
pressure immediately 


upstream of the valve becomes 


500 + 90.56 59.30 


531.26 psi abs 


In a similar manner, corresponding 
values can be comput d for the third, 
fourth, and fifth intervals. The values 
are plotted in Fig. 6 


thus obtained 


The 
} 


ADS 


maximum pressure being 559 psi 
closing time of 
The 


valve 


during a 0.095 


sec or 5 intervals pressure rise 


resulting from a closure of 


0.095 sec is only 59 psi. In Example I, 


where the tin of valv losuré 1S 


0.015 sec, the pressure rise is 


| 
[he pressure rise for different times 


393 ps 
I I 


of valve closure are shown in Fig 

for the pipe, Example 

I, with oil and water as mediums 
Values of the valve 


tim 


stainless steel 


coetncte 
versus 
n th 


construct 
of the 


coefficient of 


Fig. 8. T nb 


from values 


orifice area An and the 
n determined 
for the specific valve. In Fig 
shown a typical curve for 


\ ily 


Jio 


discharge Cp, have be 
8 is also 
inuniforn 


los If 


COMPOUND PIPE LINE 


In a compound pipe line consisting 
of several sections of different diam 
eters as shown in Fig. 9, the equiva- 
lent fluid velocity and the effective 
velocity of the pressure wave can be 
determined as follows 

Where 
Ly, L L, length of each section of 
pipe of constant dia, ft 
velocity of pressure wave 
in the 
sections, It per sec 
effective 
pressure wave, it 
velocity of fluid in the re- 
spective pipe sections, ft 


respective pipe 
velocity of the 


per sec 


per sec 
equivalent fluid 
It per sec 

rate of flow 
section, U.S 


respective 
gpm 
inside diameter of 
tive pipe, in 


respec- 
The fluid velocity in an individual 
pipe is 

} 0.4085 G,,/D,2 35 


and the equivalent fluid velocity Vg, 
in the compound pipe line is 
L,\ 
L, +Le 4 l 


Va 


The effective velocity ap of the pres- 
sure wave in the compound pipe line 


1S 


Li/a 


EXAMPLE V. Assume that the pipes 
shown in Fig. 9 are stainless steel and 
the wall thickness ¢ of each 

0.049 in.; that the medium is 
and the rate of flow is 40 U. S 
and the lengths of the 


one is 
water 


opn 
Ss 


pm 


the inside diamete: 


PRESSURE SURGE 


Pressure surges can be minimize 
by increasing the overall 
the hydraulic system by 
sealed pressurized air chamber (a 
in the hydraulic circuit 
Fig. 10. In 


~ 


elastic ity of 


installing a 


cumulator ) 
such a circuit 
the kinetic en 


ergy of the flowing fluid is dissipated 


shown in 


as the valve is closed 
in compressing air in the suppressor 
Thus, a gradual deceleration of the 
fluid takes place, regardless of the 
rapid closing of the valve, and pres 
sure surges of small amplitude result 

since the 


mmediately upstrean of th 


pressure wave originates 


valve 


Product 


dD, 1.402 in.; De 
Ds = 0.902 in 


1.152 in 


What is the equivalent fluid velocity, 
and what is the effective velocity of 
the pressure wave ? 


SOLUTION: For pipe I: 


D,/ty 1.402 /0.409 28.6 


from Eq (35), the fluid velocity is 


| 0.4085 10 /1.4022 8.3 ft 


per sec 
for these values, Fig. 5 gives the 
velocity of the pressure wave in pipe I 
as 
a $147 ft per se 
For pipe II 


D,/t ] 


152 ‘0.409 


from Eq (35) 


152? 


V 0.4085 « 40/1 


per sec 
and from Fig. 5 
a3 4234 it per se 


For pipe III: Using a similar 


cedure 


pro 


J 20.1 


a 1326 it per se 


For the compound pipe line: from 
Eq (36), the equivalent fluid velocity 


10 « 20.1 
11.9 ft per see 


the 
wave 1S 


nd from Eq (37), effective ve 


locity of the pressure 


25/4147 


$209 it per sec 


SUPPRESSION 


the surge suppressor to be most effec 
tive should be as close to the valve as 
ssible on the upstream side 
For rapid valve closure, Eq (17) 
ndicates that amplitude of pressure 
magnitude re 


length of 


wal is of the sam 
vardless of increase in the 
the pipe line, and depends only on the 
total change in velocity of the flowing 
1 on the velocity of the pres 
When a pressure relief de 


fluid, anc 
sure wave 


vice such as a sealed air chamber is 
used, however, the length of the pips 
| because 


ime 8 Of utmost 
fluid flowing in the 


significance 


the total mass of 
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pipe determines the kinetic energy that 
is to be dissipated in compressing the 
air in the surge suppressor 

Upon closing the valve the column 
of fluid, because of its inertia, con- 
tinues to flow into the sealed ait 
chamber with diminishing velocity 
The air is thus compressed, and the 
increase in pressure acts as a decelerat- 
ing force upon the mass of flowing 
fluid. The device reduces surge pres- 
sure with time much like that result 
ing from gradual valve closure 

The action of the elastic air cham- 
ber results in a slow primary pressure 
oscillation 

Where 


v Ap volume of air 
cu in 


at pressure p 


lap mes volume of air at maximum 
pressure Pp » cu in 
T period of oscill: stion of air 


in a sealed chamber, sec 


If both the pipe and the 
considered to be inelastic, 
oscillation of the 
the chamber is 


cushion 


fluid are 
the period 


r of elastic air in 


r = 0.1512\V yLva,/A pg 38 


Fluid and pipe, however, are elas- 
tic and rapid secondary oscillations 
occur as previously discussed. With a 
surge suppressor in the system, the 
following mathematical approach gives 
results of sufficient accuracy 

Assume that the valve in Fig. 10 
is Closed rapidly and that the velocity 
of the fluid is decelerated from V ft 
per sec to zero in T sec. If the average 
velocity during the time of decelera- 
tion is taken approximately as V/2, 
then the volume of fluid entering the 
surge suppressor may be equated to 
the change in air volume, or 


39 


The following relationship between 
air volume and pressure also exists, 


De s 





VAp max 


in which 


Pmazs =~ Pt Ap 


The value of x in the exponent is 
1 for isothermal compression, and 
about 1.4 for adiabatic compression. 

Substituting the value of Uggmoe 45 
given by Eq (40) in Eq (39), the 
required air volume at the normal 
static pressure p 1s 


41) 


When the value of T for a given 
pressure rise is obtained from Fig. 
Eq (41) includes the effects of elas- 
ticity of pipe and fluid. 

In the magazine Nenth (Water), 
Jan. 1959, W. L. Borendans gives the 
following approximate formula for 
the air volume assuming pipe and 
fluid inelastic, isothermal compres- 


sion of the air, and rapid closure 
VA 
y¥LAV* 
24 9 P{(p/}) maz 1 + loge (Pmaz/p)] 


42 


obtained when 
(42) are of 


The results 
Eqs (41) and 


using 
interest 


EXAMPLE VI. Assume that in Ex 
ample I, an air chamber type surge 
suppressor, as shown in Fig. 10, is to 
be used to limit the pressure rise to 
90 pst Find required air volume? 
SOLUTION: As given in Example I, 
the normal static pressure p is 500 psi 
abs, the velocity V of the fluid is 8.3 
ft per sec, and the cross sectional area 
1 of the pipe is 1.544 sq in. 

From Fig. 7, 0.064 sec 
required for valve closure, or time 
required for deceleration of the fluid, 
that results in a 90 psi pressure rise 

The maximum static pressure is 


500 + 900 590 psi abs 





’ 


i 




















Fig. 9 


Fig. 10—Sealed air chamber in- 
stalled in hydraulic circuit to re- 
duce amplitude of pressure surges. 
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J HYDRAULIC AND PNEUMATIC EQUIPMENT 


Substituting in Eq (41) and as- 
suming isothermal compression, where 
x equals 1, required air volme is 
6 X 83 X 1.544 X 0.064 

1 — (500/590) 


= $32.2 cu in. 


VAp = 


Assuming adiabatic compression, 
where x equals 1.4, the required air 
volume v4, is 44.1 cubic oe 

Using Borendans’ equation, the re- 
quired air volume v4, is 44.4 cu in 


CONCLUSIONS 


The maximum amplitude of the 
pressure wave immediately upstream 
of a rapidly closed valve, that is, when 
T is equal to or less than 2L/a, is di- 
rectly proportional to the total change 
in fluid velocity and to the velocity 
of the pressure wave. 

When the condition expressed by 
I 2L/a exists, the amplitude is not 
affected by a change in the length of 
the hydraulic line 

When the condition expressed by 
['>2L/a exists, the amplitude of the 
pressure wave increases with increas- 
ing line length 

The amplitude of the pressure wave 
may be reduced by: (1) Increasing 
the time of valve closure, thus increas 
ing the number of pressure wave in 
tervals; (2) increasing the pipe diam 
eter, thus reducing the fluid velocity 
and (3) decreasing the thickness of 
pipe wall and using pipe made of a 
material having a lower modulus of 
elasticity to reduce the velocity of the 
. and (4) installing a 
surge suppressor in hydraulic circuit 

The air chamber type suppressor is 
the most efficient means of limiting the 
reasonable 


pressure wave, 


pressure surges to design 
values 

Any increase in the ov 
of the hydraulic line will reduce the 


nplitude of the pressure waves 


erall elasticity 


Fig. 9—Compound pipe line that con- 
sists of sections of different diameter. 


Seoled air chamber a. 





Volume of oir 
or aeecare ? 
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pressure ptAp 
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THERE ARE THREE MAIN REASONS for 
using an air motor as a source of 
power 

1) Environment. In explosive or 


is used instead 
of a more expensive, or larger, ex- 
plosion-proof electric motor. In moist, 


gaseous atmospheres it 


humid atmospheres where electric mo 
t subject to fungus attack and 
will operate relatively 
And b maintenance 
is usually not a problem, it can be 


Ors are 
orrosion, it 
iree 


trouble ause 


placed in inaccessible locations where 
service 1S Spotty of infrequent 

>) Speed control. When using an 
iir motor it is possible to vary speed 
from zero to free speed (the no-load 
condition) by merely changing the 
volume of air fed to the motor. There 
ire no complicated controls 

5) I ightweight roduction tools 
and aviation components equipped 
with air motors weigh as little as onc 
fourth the weight of units electrically 
powered; their dimensions are about 
fifty percent those of electric devices 

Certain properties make such units 
idaptable to a lar number of ippli 
wio0ons 


* They do not spark, so they can be 
that r 


2 
otive power with non-sparking char 


quires 


* They cannot burn out by overload 


g. Even when it is directly connected 
P epar 1 f erat 1 by the 
wing vufact 
Ingersoll-Rand Comp 
New York 4, N. ¥ 
Gard D ( 
Quincy, Ill 
Onsrud Ma W ork I 
Chicag I 
Kel I ( 
Grand H M 
Chicago Pne I ( 
New York N. ¥ 
Detroit Hoist and Machine ¢ 
Detroit 11, M 
Gast Manutact g ( 
Benton Harbor, M 
8. Dake Engine Con 
Grand Hav Mi 








Ji2 


How to Use Air Motors 






Description of the commonly-used types of air motors 


including radial-piston, axial-p 


Typical applications 


to the end product, the air motor ts 
not injured by stalling 

* They start and stop positively 

* They have consistent torque output 
that can be changed by varying ait 
pressure 

Although air motors are often com 
pared to electric ones and the method 
of selecting each is similar, air power 
cannot replace electric in every ap 
plication. These limitations are 


I 


typical 
|) Compared to electric, air motors are 
It takes an input of 
five hp to the compressor to produce a 


inethcient about 
motor output of one hp. 2) Air motors 
are rarely practical in sizes greater than 
0 hp. Their most efficient range: 1/20 


0 20 hp Initial costs are high. In 


>) 


iston, multi-vane and air turbine. 


and performance characteristics. 


larger $1Zes above one horsepower 
pneumatic power units cost up to five 


times equivalent electric ones 


Selection Factors 


When selecting an air motor, th 
first factor to be considered is the 
type of duty cycle: intermittent or con 


tinuous. The great majority of appli 
a low load cycle; the mo 
for only a 
long off duty 


cations have 


tors are used few seconds 


continuously and have 
periods. The duty cycle will usually de 


termine the type of motor and the size 


yf compressor that must be used 

The next factor is the horsepower 
ind the speed at which it is to be de 
Performance like 


livered curves, 


Fig. 1—Performance curve of a typical air motor. Note how a built-in governor 
can change the shape of the curve by limiting maximum speed. 
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Fig. 2 (A)—Five cylinder 


ton type radial air 


2 to 22 hp and 


about 


air motor distributes 
impulses. Two cylinders 


motor 
which is used in sizes from 


speeds from 85 to 1,500 rpm. 


(Gardner-Denver Company) 


always on a power stroke at 


pis- 


at 


Fig. 2 (B)—How five cylinder 


power 


are 
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Table I—Effect of Air Pressure on Motor Performance 
Rated Hp RPM at Rated Hp Free Speed—-RPM 
Motor Style 
No 1 2 3 4 5 1 2 5 4 > l 2 } + > 
At 60 psi 1.9 2.5 3.2 6.4 0.4 1,200 1,100 850 800 900 2,650 2,250 2,030 1,900 1,600 
At 80 psi 2.6 3.6 44 9.0 12.5 1,250 1,200 950 900 950 2,720 2,450 2,170 1,900 1,800 
At 100 psi 3.3 4.8 5.9 11.0 16.2 1,300 1,250 1,000 900 1,000 | 2,740 | 2,650 2,230 2,100 2,000 








Fig. 1, are characteristic of a manu- 
facturer’s design. Curves can be varied 
to some degree by using governors 
or by modifying the air intake or ex- 
haust ports, but the basic shape depends 
on the fundamental design. Generally, 
air motors have a dome-shaped horse- 
power-speed curve. It is common prac- 
tiec to rate them at the maximum out- 
put. 

Air pressure and the quantity of air 


delivered also affect the performance 
It is necessary that there be sufficient 
pressure and air to operate the unit 
at the specified output and speed. How 
pressure affects speed and output 1s 
illustrated in Table I. Fractional horse 
power units may be rated at 30, GO, 80, 
or 90 psi. Integral horsepower units are 
most catia rated at 90 or 100 psi. 

Other factors that may influence the 


choice of type or size: dimensional 
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Gardner-Denver Company 


space available on the product and any 
weight limitations imposed by the ap 
plication 


Kinds of 


duty 


Air Motors 
The ycle and the horsepower 
required usually det rmine¢ 
the two main ty} 


which of 
For con 

the 
piston type (Fig. 2) because 
less maintenance. For intermittent duty, 


Jji3 


cs 1S S¢ lected 


tinuous heavy-duty service radial 


it needs 
























































Table 1l—Performance of Fractional Hp Air Motors 
-Multi-Vane Type 





At 30 PSI At 60 PSI At 80 PSI 
Speed 
RPM Air Air Air 
Rating Consumpt Rating Consumpt Rating Consumpt 
HP CFM HP CFM HP CFM 

100 will idle under light load--HP & CFM are neglig: 

500 012 2.0 035 +.0 040 ».0 
1,000 021 2.3 060 +.9 069 
1,500 028 2.7 090 >.3 100 6 
2,000 .034 , 0 110 >. 7 125 0 
3,000 038 BS 155 6.6 175 8.8 
4,000 038 +0 186 5 225 9.4 
5,000 210 8.2 270 10.1 
6,000 202 8.8 300 10.8 











Gast Manufacturing Company 


Fig. 3—Typical multi-vane type air motor, available in fractional hp sizes and 


up to 10 hp. (Gast Manufacturing Company) 
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Fig. 4—Four- or five-cylinder axial-piston motor available in sizes from 2 to 
2%, hp is dimensionally smaller unit than similar output radial piston units. 


(Keller Tool Company) 


Diaphragm converts 
piston translation 
to rotation 










the multi-vane (Fig. 3) or axial-piston 
units { Fig 1) 


Radial Piston. In the radial piston air 
motor, four or five cylinders are mount 
ed around a crankshaft in the same 
manner as the cylinders of a radial 
gasoline engine. Five are usually pre- 
ferred to supply more horsepower with 
evenly distributed power pulses. In such 
a unit there are always two cylinders 
having a power stroke at the same time 

In any cylinder, the operation is 
similar to what occurs in a steam engine 
cylinder with one major exception: the 
air is not expanded to any appreciable 
extent. During about 90 percent of 
piston travel, the air remains at inlet 
pressure. Expansion means cooling; any 
large-scale expansion would freeze the 
water vapor found in compressed air 
and ice would clog the motor 

Such motors are usually slow speed 
units, ranging from 85 to 1,500 rpm 
They are suited for heavy duty service 
up to 20 hp where good lugging char 
acteristics are needed. They are not re 


versible, although reversible models are 
available at extra cost 


ixial-Piston. A more compact design 
that requires less space is the main ad 
vantage of the four or five cylinder 
axial-piston air motor. Air drives the 
pistons in translation; a diaphragm 
type converter changes the translation 


into rotation. This arrangement supplies 


high horsepower per unit weight 


Axial piston type motors are avail 
ible in sizes from 1/, to 234 hp. They 
run equally well in either direction. To 

ike the motor reversible, a four-way 


air valve is inserted in the lin« 


Multi-Vaned Motors. The multi-vaned 
units, for applications from a fractional 
hp to 10 hp 
units that 1 


usable speeds Since a major advantag 


are relatively high spec 
nust be geared down for 


s their light weight and small size, the 

uring can become an important factor 
n the final weight of a unit when a 
low speed drive is required 

There is usually an odd number of 

s used—most frequently five or 

seven—to obtain continuously smooth 
neration of power. When the unit 
gets up speed, centrifugal force acting 
on the retractable vanes presses the 
vanes against the walls of the chamber 
o provide sealing 

Displacement of the vane-type motor 

the volume measured from intake to 
xhaust valve—supplies an indication 

the maximum output Unfortunately 
ill manufacturers do not supply this in 

mation so motors are isually spe 
d by measured hp output 
These motors may be reversible or 


+} 


g more 











Senna 











than the former. When using a non- 
reversible motor it is necessary to spe- 
cify the direction of rotation 


Air Turbine Motors. When fractional 
horsepowers are required at exception 
ally high speeds—from 10,000 to 
150,000 rpm air turbine motors are 
an economical source of power. They 
are tiny impulse reaction turbines in 
which air at pressures around 100 psi 
impinge on buckets for driving force 
Force feed automatic lubrication sprays 
a fine film of oil on to bearings con 
tinuously, minimizing maintenance. 


Applications 


Applications for this type power 
stem from the operating characteristics 
The consistent torque output and the 
fact that stalling will not injure the 
motor permits stall-torque applications 
In mut runners or air wrenches, the 
exact torque to be applied to a bolt or 
nut can be determined by proper choice 
of air motor and air pressure. The mo 
tor will apply the proper torque every 
time, stalling when it has reached the 
specified limit 

Light weight makes air motors popu 
lar sources of power in hand tools: 
saws, screw drivers, riveters, etc. The 
air turbine motors are used to power 
hand grinders, particularly the high 
speed type used to finish precision dies 

Accurate speed control without com 
plicated controls is the main reason 
such units are used in cranes and hoists 
An operator can vary the speed of lift 
and travel merely by controlling the 
flow of air with a hand valve 

Positive 
bined 
portant 


starting and stopping com 
with reversibility is an im 
such as 
opening and closing valves. Air motors 
are frequently used to remotely control 
valves on gas lines (also because of the 
no sparking feature) 

When using Table III, it is im- 
portant to remember that values of 
stall torque and air consumption vary 


factor in operations 


so no values are listed 


So many vari 
ables affect these 


two items that they 
are individual for every specific appli 
cation 

However, as a general rule of thumb, 
stall torque ranges between two and 
two and a half times the torque devel 
oped when operating at maximum 
horsepower output. 

In small motors (up to 21/, hp at 90 
psi) air consumption varies from 35 
to 40 cu. ft of free air per minute per 
horsepower. In larger motors, con 
sumption runs from 20 to 25 cu. ft per 
minute per horsepower. These figures 
supply necessary data for non-revers 
ible units; reversible motors consume 
from 30 to 35 | 


recent more ait 
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Table 11]—Specifications of Typical Air Motors 


































| 
| Air Consumption 
Rated Hp* Speed at Rated Free Speed Weight Stall Torque at Rated hp 
hp-—tpm rpm Ib ft —lbs cu ft free air /min 
RADIAL PISTON MOTORS (non-reversib!e) * 
2.9 1,500 3,200 130 
3.3 1,300 3,000 130 
3.8 1,200 2,700 130 
5 1,050 2,500 195 
7.1 1,050 2,500 205 
11.0 1,000 2,500 225 
13.2 1,000 2,500 240 
18.0 750 2,100 370 
21.6 750 2,100 390 
Ingersol!-Rand 
RADIAL PISTON MOTORS (reversible 
| 
2.5 | 1,200 2,200 135 
2.8 1,000 1,950 135 
3.2 900 1,600 135 
5.2 750 1,600 200 
6.5 750 1,600 210 
9.5 650 1,350 235 
11.4 650 1,350 250 
13.5 550 1,200 380 
16.2 550 ,200 400 
Ingersoll-Rand 
AXIAL-PISTON MOTORS 
0.6 2,360 4,800 14t 2.0 21 
0.9 2,150 4,200 1461 5.0 40 
1.9 1,820 3,500 26\et 11.0 62 
2.7 1,300 2,600 38t 190 83 
tWith Spindle Keller Tool Company 
MULTI-VANE MOTORS (non-reversible) * 
. : a 
1.5 1,225 | 1,525 9 
1.5 840 1,025 u 
1.5 600 25 9 
1.5 290 350 9% 
a 230 280 11% 
1.5 195 230 12 
3.25 600 800 20 
3.25 335 450 20 
3.25 225 300 20 
3.25 135 185 24 
4.0 350 450 29 
4.0 240 310 29 
4.0 170 225 29 
4.0 120 160 34 
5.5 335 450 361% 
5.5 215 300 361% 
5.5 150 200 36 
5.5 86 120 54 
Ingersoll-Rand 
NOTE: Multi-Vane Air Motors are high-speed units that are geared down to usable speeds. Only 


difference in the motors of the same output listed above 









is the gearing to obtain desired speeds 





MULTI-VANE MOTORS (reversible) * 


1.25 225 1,525 
1.25 840 1,025 
1.25 600 25 
1.25 290 350 
1.25 230 281 
1.25 195 230 
2.75 120 185 
2.75 58 86 
3.00 528 800 
3.00 295 450 
3.00 19 300 
3.25 290 450 
3.25 200 310 
3.25 145 225 
3.25 105 160 
5.0 350 450 
5.0 225 300 
5.0 155 200 
5.0 90 120 
5.0 5 10 
5.0 50 

5.0 30 3 
5.0 19 




















*at 90 ps 
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Vecuum 


Fig. 3 








Seal and Valve Design for 


Seals 
For Tubine 
» union shown at A is often used 


t tubing 





nm a vacuum syst ont 
It can be connected and disconnected 
any times without failure, yet pro 
vides a leak-proof j ler high 
vacuum conditions 

The ends of the tubir ga nserted 

a sleeve having ru f that cat 
be molded either of natural rubber or 
neoprene; for satisfactory operation 
natural rubber should ha 1 shor 
hardness of 40 t nd 1 pret 1 
hardness value of 60. The tubing need 
not be polished, but it should | if 
of deep scratches and imperfections 
When the bolts ar tightened, the 
flanges are drawn th thus con 

ssing the rings and forming a 
cuum S¢ al 

This union requires a minimum of 
ntting is satisf ory wi het is 

nisalignment, and S 

tensively for joit glass and metal 


For joining metal to metal, the union 


Jie 


} 


illustrated at B is more compact and 


recommended. It also can be discon- 
nected when required. The 

soldered to each end of the union; th 
two halves are then drawn together by 
threaded sleeve, which compresses 
the neoprene O-ring by approximately 


tubing is 


the 


I 
0 percent 
For Container 
A simple type of flange with a single 
trapped gasket is suitable for 
sealing most laboratory vessels. Th 
orners of the groove are chamfered to 
facilitate flow of the rubber when it is 
ompressed Otherwise the rubber 
spreads out of the groove and forms a 


| edges of th 


T-shaped section; the 
groove will cut into the corners of the 
I’, and the gasket must be replaced 


once th vessel 1S opened This occurs 
because the rubber is incompressible 
) lirect t | 

Deformation in one direction must b 
llowed for in other directions so that 


volum ot rubb remains 


In equipment using a 


Product Engineering 


flanges it is advisable to use two con 
gaskets to each flange 


connecting the 


centri with a 
““pump-out 
two gaskets to at 
forms the 


outer 


passage or 
between the 
mosphere. The inner gasket 


space 
actual vacuum seal and the one 
provides a ready means of leak testing 
If the application of a small rotary 
pump to the gasket interspace results in 


I 
a pressure drop in the vacuum equip 
ment, then the inner gasket must bx 
leaking 

For Shafts 

The outer surface of the vacuum 


hamber is beveled and a rubber disk 
is clamped to this beveled surface. The 
shaft is passed through a hole in the 
rubber disk—the hole being about 1 

in. smaller than the shaft diameter 
Atmospheric pressure forces the rub- 
ber against the perimeter of the shaft 
and with the aid of a light smear of 
grease on the rubber 
seal is made regardless of shaft motion 
Motion of the shaft can be either rota 
tion or translation or both 


a vacuum-tight 
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Fig.5 
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Vacuum Systems 


Valves 
4. Bellow Valve 
Rotation of the top of this valve 
moves the spindle up or down. A rub 


ber disk on the bottom of the spindle 
seals off the two incoming pipes when 
the valve is shut. The spindle is sealed 
in the vacuum system by means of a 
copper alloy bellows that is soldered in 
the The valve should 
be designed so that extension and com- 
pression of the bellows does not 

limits specifie 1 by the 


position shown 


ex- 
ceed manufac- 
turer 

Since the upper part of the valve is 
sealed to the lower block by a rubber 
gasket, this bellows assembly can easily 
be removed from the vacuum system 
for maintenance. Removal of the ring 
bolts between the upper section and 
the pressure cavity, allows the upper 
portion to be removed and plunger, 
valve seat, O-ring or bellow to be in- 
spected and replaced, if necessary 


Diaphragm Valve 
One of the incoming pipes connects 


Product Engineering - 


with the central cylindrical chamber, 
the other with the annular ring around 


the chamber. The spring holds the 
valve open against atmospheric pres 
sure. When the knob of the valve is 


screwed down, the rubber diaphragm 
1S pressed against the lip of the cent 
chamber and off 


from the outer annulus 


seals this chamber 

Air can leak through the diaphragm 
from atmosphere into the vacuum sys 
tem. The leakage is however small 
being about 10°° cc/sec/sq cm of sut 
face for 1/16 in. thick 


the permeability of 


s 
rubber. Su 


neoprene iS about 

lf, that of natural rubber, it is usually 

specified for the diaphragm 
Diaphragm valves can also be us 


' 
as pre ssure Vaives 


6. Plunger Valve 
sid 


In this type of valve, the side arms 
are soldered into a cylindrical body and 
| 


a piunger MoV 


d by 2 
within the 


1 


are opened or clos 
ing up and down 
The vacuum seals 
of round 


cylinder 
are made by 


means 


section neoprene rings ex 
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Seals for rotating shafts, 
containers, and tubing. 
Bellows and valves that can 
be operated satisfactorily 


under vacuum. 


2 ) the DOdy oF the valv 
In this valve, the top (not shown) 
has a ro ng action which caus th 
piunger to mo ip and down In th 
wo extr I ~s1ITIONS OF th plunger 
one or ti ther of the branch | 1S 
mn the common lin n 
, , hati 
he middle position, all three pipes a 
losed. The dimensions of the valve are 
such tl he O-rings, in rectangular 
s-sect grooves compressed 
) O; nt. The rings are smeared 
Nith a tra oO a n gZ ase that acts 
t pabas ~~ 
a , ali 


Disassembly of the plunger valve is 


1 , ] r 
also relatively simp Removal of ring 


bolts allows replacement of plunger 
and O-rings. Inspection of O-rings 
seats, piston and cylinder walls can b 


made at the 


Jjiz 











To tank 
he Ticlans 


Pilot operated 3-position, 
4-woay contro/ va/ve. 

Spring return to neutral 

with both cylinder ports 
blocked cad pump open to tank 


Sufficient pilot pressure to be 
maintained byarestriction 


~ 
in this exhoust line - {| ——ae 
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Safety Circuits For 
Hydraulic Machines 


H. L. STEWART, 


Safety to the operator and the machine can 
be designed into hydraulic equipment. Safety 
circuits, whether hydraulic, pneumatic or 
electric, should require two-hand operation 
of the machine, or for two man operation, 
four-hand operation. Circuits should be de- 
signed so that they are impractical to tic 
down and release of any one control would 


stop the cycle. 


M ( t I 


Machine circuits can be designed to guard 
against machine or work piece damage. Elec- 
tric or hydraulic interlocks are used to imme- 


diately stop all movement if, for any reason, 


the hydraulic or mechanical motion should 
fail. The jamming of a work-piece during 


the machine cycle can cause extensive dam- 
age to the machine or the part if controls 


are improperly designed. 
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1. Two-hand hydraulic safety control for a press 


['woO-FOUR WAY, manually operated pilot valves control — positiot B, permit ram to retract until cam operated valve 
the master valv The cam operated three-way valve con s shifted by the adjustable collar, stopping ram. Handles 
trols the length of stroke and shifts the master valve to must be operated together to obtain desired press action 
neutral when ram reaches top of stroke. When both pilot Should one control be tied down, machine goes through 
valves are in position A, press ram moves downward only one half of a cycle and will not complete the cycle 
Release of either control will stop the ram. Handles is until the control has been released 


2. Two-hand air safety control for a press 


['wO MANUALLY OPERATED three-way spring-return air ts piston. Oil is directed against rod end of cdining 
valves are connected in parallel. Opening of valves permit ylinder. The piston retracts rapidly until the cam contacts 
air to flow to pilot connection on the four-way, spring the roller of the speed control valve. The oil flow is then 
return hydraulic control valve. Control piston moves to 1! etered through an orift slowing the movement of the 
permit oil to flow to blind end of coining cylinder through _ piston for the rema nder of the stroke. The release of on 
cam operated speed control valve. Release of valves valve will dump the air feed of the second valve; therefore 
moves p lot pressure from control valve and spring shift valves must be operated together 


3. Four-hand electric safety control 


CERTAIN LARGE MACHINES require the attention of two ract and return to the start position 

or more operators. These men, who may be standing some The electrical circuit used is simple, all pushbuttons being 

distance apart from one another must be protected To avoid ynnected in series. The remoteness of one control station 

long runs of hydraulic piping, it ts often convenient to us from another is a minor consideration since the electrical 

electrical interlocks wiring between stations can be of any length. Long lengths 
In the circuit shown both operators must have their hands of hydraulic tubing on the other hand are higher in initial 

on the electric pushbuttons to energize the solenoid of the cost, increase the possibility of leaks and cause appreciable 

master valve. The shifting of the master valve controls the hydraulic losses 

downward movement of the hydraulic ram. The release of Additional stations can be connected in series if more than 


any one pushbutton by either operator causes the ram t two-man operation is necessary 
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When handle of valve No. 3 is momentarily shifted to 
start position, oil pressure travels from port A to care 
” chamber B of valve No. 1. Movement of the piston admits 
oil to inlet port of valve No. 5. Oil leaves by port C and 
reaches top of power cylinders at a pressure governed by 
the setting of relief valve No. 6. Pressure is also directed 
to inlet port D of valve No. 7, then out port E to port F of 


. valve No. 8 to hold index table lock plunger in place 
4 Machine Safety From port G of valve No. 8 oil flows to valve No. 9 port 
¢ 


H, and out port J to port K valve No. 5, and port L of 


. time delay valve No. 10. Now the ram of both work 
Hydraulic Control amides cilanien, eerie 


1 of the down stroke pressure 











builds up in the line opening valve No. 11, and directing 
SAFETY FEATURES incorporated at (a) The shifting of — pilot pressure to port M of valve No. 9. This valve initiates 
i No handl to th ( rgency stop position will the second half of the cycle, the reversal of the work 
top the machin ycle i diately. (b) Interlocking pistons 
ilve Nos. 12 and 13 will not allow the turntable to rotat« Pilot pressure moves the piston of valve No. 9 exhausting 
itil the pistons of the spinning and staking cylinders ar ports K and L of valve Nos. 5 and 10 and directing work 
the up-position. No oil cat admitted to the turntabl ing pressure to port N of time-delay valve No. 10. This 
tt otor unless the plungers of these interlocking valves valve regulates the length of time that the work pistons 
depressed. (c) Any turntable resistan such as jam dwell in their extended positions After this adjustabl 
ng of the work | Ll the table to stall. This is dwell period, valve No. 10 acts to open port P to port J 
yntrolled by sett th fety relief val st high enough admitting pilot pressure to port QO of valve No. 5. This 
yr th o mo | loads shifts the piston directing pump supply through port R 
In operation, the hand yf valve No. 2 is in the run to the ends of the ram cylinders and to port S of valve 
position. The handle of valve No. 3, for single operation, No. 12. The rams of both cylinders retract 
; momentarily shifted to the start position and released At the end of their upstroke, th trip bars depress th 
[he press will go th ho | id stop. For valvy plungers of valves Nos. 12 and 13. The oil under pressure 
No n run posit ind No. 3 in stop position all at port § moves through port T of valve No. 12, through 
valve pistons are as shown. The pump supply is directed valve No. 13 to the fluid motor and port U of valve No. 8 
to valve No. 1 inlet port and then vented back to reservoir The lock plunger of valve No. 8 is withdrawn, allowing 
The reduced return | size provides sufficient back pres the fluid motor to rotate the index cam and the cam shaft 
ire to operate the pilot Pump supply is also lhe latter carries the operating cam of valves Nos. 4 and 
| 1 through valves No | ind back to port } As the table indexes to the next position, the piston of valy 
| N | | | held as shows No. 7 is released, connecting the oil pressure at port D 
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. Solenoid-operated, 
master control valve 




















through port V to the pilot chamber of valve No. 9 . The 


piston of valve No. 9 is moved. No pressure is available 
at port H as pressure is supplied by port G of valve No. 8 


which is blocked when th 


lock plunger is retracted 

The second operat ng 
rides valve No. 4, applying pilot pressure from port W 
through port X to the pilot chamber Y of valve No. 1 
Che piston of valve No. 1 shifts completing the cycle and 
by-passing the pump output back to the tank 
port Z. 

If the handle of val No. 3 is 
position, valve No. 4 


sure cannot be applic« 


m momentarily closes, then over 


through 


latched in the start 
is inoperative Therefore, pilot pres 

pilot chamber Y of valve No. 1 
Instead, pilot pressure is directed to chamber B through 
port A of No. 3. The cycle is then automatically 


repeated when the piston of valve No iS depressed by 
the operating can 


5. Electrical 
Controls 


MACHINE SAFETY FEATURE incorporated ‘in Fig. 5 is the 


stop button. In case of emergenc 


valv 


y, the operator pushes the 
G and H circuit, stop- 
ping the movement of the work piston any time during the 

of the simplest safety circuits and is 
rgency stop feature 
an adequate safety provision. Electrical controls are es 
pecially useful when the control stations are remote from 
the machine operation as initial cost will be lower and long 
runs of hydraulic lines can be eliminated. 


stop button that de-energizes the 


cycle This is Of! 


aa PX 
applicable 


where at is considered 


; 


To begin the cycle, the operator depress s the start 
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im No 


is normally closed, com 


ton until action of the piston moves from 
limit switch E. The 


plete s the 


away 
latter, which 


circuit to the coil of contactor G through a 
r 


second normally closed lin switch D. The start button 
must held until the limit switch E is in the closed posi 
tion, and the contactor G has acted or the cycle will stop 


Solenoid No. 1 of the master valve is energized by con 
causing oil to flow through port No. 1 to the rod 
end of the 


meter d tron 


tactor G, 


cylinder. The piston retracts slowly as oil is 


1 the blind end of the cylinder through B, a 


speed control valve. The master valve is a three-position 
four way valve and is double-solenoid operated. The valve 


has a spring return to n itral. In 
} 


d 1 neutral position, both 
cylinder ports are blocked and oil is bypassed to the tank 
When cam No contacts limit switch D, the circuit to 

s broken. This de-energizes solenoid No. 1 
Simultaneously, the throwing of limit 

The latter 


allows the relay 


contactor G 
and th piston stops 
switch D starts the timing relay | 


dashpot that 


contains a 


pneumatk 


ontacts to clos 
i 


after a delay. The ti delay is adjustable between 0.2 s 
and thr minutes after energizat 

fter the preset period of tit lapses, the relay contacts 
close the circuit to contactor H, energizing solenoid No 


The contactor is held closed through the normally closed 
limit switch / The work piston advances rapidly until 
cam No l depress s th ) 

trol valv ( 


slow piston move! nt to a preset rat for the remaind 


plung r of the secor d ST d cor 


of the strol 


When cam No. 2 actuates the limit switch F, the cir 
uit to contactor H brok and a circuit to contactor G 
is closed. Solenoid No. 2 is cut off, and solenoid No. 1 

zed. The pisto ret until cam No triy 
li t \ h / Th th l to contactor 1 


























6. Electrical Interlocks 


SAFETY FEATURES INCORPORATED this 
(a) Two push button stations that must be oj 
taneously. The release of either button, on up or down 
strokes. will br 


s thrown into neutral position blocking 
r the 


et 
| 


in system are 


operated simul 
ak the circuit. Also, solenoid control valve 
all cylinder parts 
oil to flow freely from pump to tank 
available to the hy 
builds up. Adjustable 
opens allowing the delivery of the larg 


1 permittis 
Doub 


1, ] r 
IF AULie Ir 


(b) deliveries are 
ult 1. 
lie . | 


1OaAd 


tne pressure 


pump t late to tank. Smaller pump continues oil 
delivery to circuit until maximum pressure is reached. In- 
tegral relief valve limits further pressure build up 

(c) Ram actuated limit switch, tripped by a movable 
ip rod breaks the circuit on the upstroke. The 
control valve thrown into neutral 
This blocks all cylinder ports and the oil flows 
reely from pump to tank 


oke of th ram, I 


ollar on attr 


ram StOpS and the iS 
position 
To start the down str oth down buttons 


ust | h Id 


in. This throws the solenoid control valve 
to starting positic The ram travels down rapidly at 
lar volume and nominal pressure until it meets the work 
After meeting the work the pressure builds up. The ram 
ontinues to move down at small volume until the ram 
reaches its maximum tonnage setting and stops. At this 
point the operation is compl 
lo operate the return stroke of the ram, the hold buttons 
arked up on each push button station must be held in 
Chis throws the solenoid control valve into revers« position 


rhe ram travels up rapidly at large volume and nominal 


} 


pressure until the ram actuated limit switch is tripped 
This breaks the circuit. The ram stops and the control val 
s thrown to its neutral position by the spring ret 

\ 
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The length of the return stroke is adjustable, from mini 


mum to maximum, by means of the stop collar on the trip 
rod. By limiting the length of the return stroke, unneces- 
sary ram travel is avoided 

valve may be adjusted 
to mect any set of pressur¢ working ranges Setting of the 
inloading valve should be such that it will not open until 
2 working pressure slightly higher than the maximum re 


yuired for rapid action is built up. The relief 
} 


The unloading valve and the relied 


valve setting 
»e equal to or slightly higher than the pressure re 
for th 


must 


quired slower action. There must be a minimum 


differential of approximately 150 psi between the unload 
rt d 

ing valve setting and the relief valve setting 

A hand-wheel hydraulic valve is set in the lower lin 
of the cylinder and is used for control of down speed of 
the ram 
The power unit gage is used only when making a pres 

I é ; é 

sure adjustment or checking line pressure. The 


pre SS gage 
is used only when checking press tonnage. A g: 


shut-off 


Bla 


valve is provided with each gage to relieve wear on sens! 
tive parts by keeping the gage lines clos d except when 
checking or adjusting pressur 
li 

Interlocks 
7. Hydraulic Interlocks 

* 
IN THE ALL-HYDRAULIC SYSTEM complex interlocks at 
required to insure safety of machine and personn | Th 


safety features incorporated are: 


(a) Emergency shutdown, regardless of the point in the 
ycle, by shifting the handle of valve No. 1 to emergency 
stop position. 


(b) Piston motion is coordinated with table indexing by 
the pilot actuation of the control valves. This prevents dam 
ige to the mechanism caused by jamming of the table 
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Under the 


conditions shown the machine is idle with 
the emergency valve No. 1 in the run position and the 
operating valve No. 2 in the stop position. The cam 
operated valves Nos. 10 and 1 are both released, while 


valve No. 9 is depressed 

Operating pressure from the hydraulic pump is directed 
to the inlets of valve Nos. 1 and 3. Passing through port 1” 
of the former, oil reaches the inlet of valve No. 2, then 
flows out port X through the restriction nipple to the inlet 
of valve No. 16. Since this valve is in the released position, 
the pump delivery is directed out port U to the tank and the 
piston of valve No. 3 directs the oil through port T back to 
the tank. 

For single index operation, valve No. 1 handle is in 
the run position and the handle of valve No. 2 is momen 
tarily shifted to the run position and then released. The 
spring returns the handle to the stop location. 

Hydraulic pressure at the inlet of valve No. 2 is directed 
to pilot chamber A of valve No. 3, through port B shifting 
its piston. Oil is now delivered out port C of valve No. 3 
to the inlet of valve No. 4. The 
to the blind end of the cylinder. The ram advances under 
the pressure set by relief valve No. 5. The valve is re- 
motely controlled by valve No. 6 when the pressure to 
the blind end of the cylinder maximum, oil 
opens the adjustable valve No. 7 and flows into the pilot 
connection E of No. 8, moving the piston of this 
valve. Pressure from the inlet port of valve No. 4 is flow- 
ing through valve Nos. 9 and 10 and the lock plunger 
cylinder to port F of valve No. 8. Valve No. 9 is in the 
depressed position and the lock plunger is engaged. Oil 
flows from port G of valve No. 8 to port H of the adjust 
able time delay valve No. 11. After a preset delay, oil is 
directed out port J of valve No. 11 to the pilot chamber 
K of valve No. 4. The piston of valve No. 4 


oil flows out of port D 


reaches its 


valve 


1s moved 
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sending oil out port L to the speed control valve No. 12 

to the lower end of ram cylinder 
Valve No. 12 

metering th« plunger is 

depressed Free oil flow for fast ram upstroke 1S possibl 

even when cam and roller are in contact, because 

valve is built into the speed control valve 

When the ram reaches the end of the upstroke, the cam 
roller of valve Nec. 13 is depressed. Oil is admitted to the 
fluid motor, turning the worktable and the valve cam shaft 
Relief valve No. 14 adjusts the maximum pressure to the 
fluid motor, so that the table may be stalled safely against 
any obstructions. As the cam shaft starts turning the oil from 
the inlet of valve No. 4 is directed through port M of valve 
No. 9 to the pilot connection N of valve No. 8. The piston 
of this valve moves admitting oil to port P of valve No. 15 
retracting the lock plunger. 

After a 180 deg index movement of the table, the cam 
mounted on the table depresses the roller of valve No. 10 
and the cam on the cam shaft releases the roller of valve 
No. 9. This directs oil from port O of valve No. 9 through 
valve No. 10 to the lock plunger cylinder, relocking the 
turntable. The cam on the index table also momentarily 
depresses the roller of valve No. 16, applying pilot pres 
sure out port R of this valve to pilot chamber S of valve 
No. 3. The piston of valve No. 3 shifts, removing all 
pressure from the stopping all action. The 
pump supply returns to the tank through port T of valve 
No. 3 and port U of valve No. 16. The roller of the 
latter has been released by the cam 

For continuous operation, the handle of valve No. 2 
latched in the run position. Oil port B of 
maintained on pilot connection A of valv 
This valve, therefore, remains in th 


Valve No. 16 is 


The ram begins to rise 
ed of the downstroke by 
flow of oil when the 


controls the sp¢ 
exhaust 


1 
a check 


circuit and 


pressure trom 
this valve is 


No. 3 


tion 


running pos 


now ineft tive 
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S eparation m 











7 
ydro dy nai } } 1C Fig. 1—(A) Flow of air past an aircraft wing at a low 
angle of attack; the pathlines of individual air particles 


conform closely to the contour of the wing. (B) Separat- 
ing flow of air about an aircraft wing at a high (stall- 








Design 


























Causes of separation and its effects in fluids that 





flow at a high velocity. Methods for detecting and 











reducing separation in flow systems. Importance 





of streamlining in avoiding turbulence and the 





effectiveness of guide vanes in reducing losses at (A) 


pipe bends. Ideal and real flow in conduits. Fig. 3—(A) Theoretical flow of an ideal frictionless fluid 
ae ; . : about a cylinder. (B) A separating flow about the same 
lechniques for controlling and mov ing the bound- 


ary layer downstream to reduce the pressure drag. 


C. C. PERRY gence. When this angle is too great, the main stream ol 


Eng Vick Inc. Div. of the St ( the liquid separates from the diffuser walls and an intens« 
ddying turbulence is created in the downstream end as 
MUCH OF THE KNOWLEDGE GAINED in theor il and shown in Fig. 2. A similar condition occurs when gases 
xperimental work on separation, although centered in flow through a diffuser of excessive divergence 
the field of aerodynamics, is rapidly being ipplied to Separation is a discontinuity of flow in the sense that 
hydrodynamic desigt particle pathlines may lose complet similarity to thos« 
Many difficulties encountered in the design of hydrostatic indicated by pur ly theoretical considerations. The theoret 
s such as pumps, motors, valves and controls are il flow of an ideal frictionless fluid about a cylinder is 
illy hydrokinet mn natur Wherever fluids flow at ompar 1 in Fig. 3 with a separating flow about the sam 
high velocity, separation is likely to be present. A consid ylinder. The space between the solid boundary and the 
tion of this phenomenon, therefore, is usually advan ontinuous pathlines in Figs. 1 (B), 2 and 3 (B) is filled 
geous in obta g the oj um design with fluid. 
[he term separation has a special meaning in the fields Cavitation, in contrast, is not only a discontinuity of flow 
of hydraulics and fluid mechanics. In these fields. separa t is also a discontinuity of fluid. In cavitation certain flow 
on refers to that form of fluid motion in which the fluid reas are filled, not by the fluid, but by tr bubbles of 
pathlines do not parallel the solid boundary past which that fluid. Because of this distinction, it is apparent that 
flow takes pl avitation is a malady peculiar only to liquids 
1 common example of separation is the ‘‘stalling’’ of The presence or absence of cavitation is dependent upon 
in aircraft wing when flown at too high an angle of _ the static pressure of the liquid. Vaporization, hence cay 
icidence. At low angles of attack, as shown in Fig. 1 tation, cannot occur except at those points in the flow 
A), the pathlines of individual ait particles conform system where the static pressure of the liqu 1 is at or below 
losely to the contour of the wing. At and above a certain the vapor pressure of the liquid 
il angle of attack, Fig. 1 (B). these particl $s no In a closed hydraulic system, such as the hydrokinet 
longer follow the wing contour 1 severe eddying or torque convertor, cavitation can generally be avoided by 
rculatory turbulen forms along th top of the wing oO} erating the entire system under a mean static pressut 
lucing wing lift and increasing drag . sufficiently h gh to maintain local pressures greater than 
An excellent example of separation in liquid flow is that — th vapor pressure of the liquid 
which occurs in diffusers of too wide an angle of diver Separation is in lependent of static pressures. It depends 
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ing) angle of attack; air particles do not follow wing Fig. 2—Separating liquid flow through a diffuser 
contour; a severe eddying or recirculatory turbulence where the angle of divergence is too great to maintain 
forms along the top of the wing and reduces lift. streamline flow in the downstream end. 





-- Velocity profile base tine 
4. 


4, 


























+--Main stream flowing ot 
high Reynolds number 











, Boundary layer 

























_Y | (viscous flow) 

















Yi 7. 


cylinder. Between the solid boundary and the continuous Fig. 4—Idealized velocity profile for flow in a conduit 
pathlines, the fluid separates from main stream. depicted by Prandtl’s boundary layer theory. 
upon the shape of the boundary past which the fluid is generated in the violent eddies. In liqu ds, this heat 
flowing, the roughness of the boundry surface, and th in irrecoverable energy dissipation 
Reynolds number Separation exists frequently in torque convertors, pumps 
The Reynolds number is a dimensionless ratio character turbines, manifolding, and hydraulic fittings 
izing fluid flow conditions. In effect, it is the ratio of th 
relative magnitude of inertia forces to viscous forces. A The Boundary Layer 
such, this concept is important in analyzing th | an in ideal friction] 
and cures for, separation fluid, which pictures the flow in any system as purely tl 
Wher sul ' il diff wes f low for th 
| velocit ot Turd pres . « idies Th potent | now patt rm doe ne 
D a So NENSIO pound n permit th xistet of drag. This and similar anon 
7 Se ot a s bothered Jean d'Alembert enough to prompt the state 
\ Reynolds number ment that “The theory of fluids must necessarily be based 
Reynolds number expressed algebraically is poe Capes em Th eet reeens Guseren between ideal 
. flow and actual flow has b termed the d'Alembert 


Par idox 


Another significant difference exists between avitatior The basic difference between leal flow and real flow 
and separation. Cavitation generally makes its presence ; that all real fluids have finite viscosities that directly or 
known either by noise or by erosion of the hydraulic device directly cause all drag forces and fluidynamic losses 
in the critical areas, or by both. These symptoms result Drag forces and their resultant losses are generally 
from the relatively violent co lapse of vapor bubbles as they broken down into two cor ponent types. One type is skin 
are carried downstream into regions where static pressures friction, which results from the shear forces transmitted 
exceed the vapor pressure from the fluid to the body (or visa versa) by the viscosity 

Separation, however, is a comparatively sly villain. Often of the fluid. The second type is that caused by separation 
the only external evidence of separation is the presence sometimes referred to as pressure drag. In poorly designed 
of excessive heat, which frequently can be detected only by fluidynamic devices pressure drag can be much greater 
careful instrumentation. The only certain manifestation of than skin friction. These two types of drag are addit 
separation is reduced performance. Separation is always n determining the total drag or loss 
accompanied by a loss of energy as a result of the | for a g hydraul | rath listinct limits 
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Fig. 5 (Left)—Kinetic energy profiles in a diffuser under separating conditions where no energy is supplied externally. 
Fig. 6 (Right)—Sketches made from classic photographs showing comparative effects of accelerative and decelerative 
flow. In both sketches, the flow is from left to right. The greater orderliness of accelerating flow is qualitatively evident. 


exist as to the measures that can be taken to reduce skin 
friction. The skin friction is largely a function of the 
fluid velocity, the area of the solid boundary past which 
the fluid flows, and the viscosity of the fluid. 

In numerous designs, from one to three of these param- 
eters are completely inflexible. In particular, the fluid 
viscosity is often fixed. For instance, in designing a pump 
for a water system, little can be done to decrease the 
viscosity of the water. By designing for minimum surface 
area and minimum relative velocities, however, it might 
be possible to improve the pump performance. 

The inefficiency associated with separation manifests 
itself as a loss of pressure resulting from the energy dissipa- 
tion in the whirlpools indicated in Figs. 1 (B), 2 and 3 
(B). For a body moving submerged in a fluid, the pres- 
sure on the nose of the object, therefore, is greater than 
on its rear. The resulting unbalanced force is known as 
pressure drag. When the fluid flows within diverging solid 
boundaries, the lack of pressure recovery means that addi- 
tional energy must be supplied to push the fluid through 
the passage 

Fundamentally, Prandtl’s boundary layer theory pictures 
the fluid stream as divided into two portions: (1) A thin 
layer known as the boundary layer, adjacent to the solid 
surface; and (2) The remainder of the fluid at a distance 
from the surface 

In the boundary layer, the velocity gradient (normal 
to the boundary) is high enough so that, even though 
the fluid viscosity may be small, the viscous forces are of 
considerable magnitude. The viscous forces are, of course, 
the product of the viscosity and the velocity gradient. The 
primary cause of separation is closely related to the behavior, 
or misbehavior, of this boundary layer. 

In the fluid at a distance from the surface, the inertia 
forces are presumed to be so great and the viscous forces 
so insignificant in comparison that the fluid essentially 
follows the pattern defined by potential flow theory. 

The condition as shown in Fig. 4 corresponds to that of 
low Reynolds number flow near the wee surface and 
an extremely high Reynolds number flow in the main 
portion of the stream 

Prandtl’s hypothesis for the cause of separation is that 
since the boundary layer moves very slowly and is there- 
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fore characterized by extremely low kinetic energy, it is 
subject to stagnation when a rising pressure gradient in 
the direction of flow is encountered. Fluids, like heat, 
flow in response to a potential gradient. The potential 
gradient in fluid flow is generally a pressure drop in the 
direction of flow. 

From the law of continuity of streaming energy, stated 
by Bernoulli, the pressure in any hydraulic system increases 
when the velocity decreases; for instance, by increased 
cross sectional flow area. Such a diverging system, then, 
results in a rising pressure gradient in the direction of flow 

To flow against such a pressure gradient, the fluid must 
constantly give up kinetic energy or receive energy from 
an external source as in pumps and compressors. For the 
flow in a diffuser, as shown in Fig. 5, where no energy is 
supplied externally, the main body of the fluid must draw 
from its supply of kinetic energy to flow against the pres- 
sure gradient. As Fig. 5 indicates, the boundary layer 
does not have enough kinetic energy to maintain flow in 
the layer. When the boundary layer kinetic energy is 
exhausted, the boundary layer velocity must naturally be 
zero 

The result is a narrow band of fluid, the velocity of 
which is zero, immediately adjacent to the edge of the main 
stream, which has a significant finite velocity. Theoreti 
cally, an infinite velocity gradient exists between the two 
portions of fluid. Thus, the shear stress is enormous; and 
the main stream, in passing the stagnant boundary layer, 
picks up the stagnant particles and starts them whirling 
downstream 

This action destroys the normal pattern of flow. Down 
stream from the point of separation initiation (stagnation 
point of the boundary layer), the main stream of fluid is 
confined to a rather restricted area, and on both sides of 
it the space is filled with small high speed whirlpools, or 
vortices. It is apparent that considerable energy is dis 
sipated as a result of this disorganized motion 

It has been pointed out that a rising pressure gradient 
can stagnate the boundary layer and result in separation 
It is of interest to consider the opposite condition in which 
the pressure gradient is falling 

In a converging nozzle, the cross sectional area decreases 
in the direction of flow, the main fluid velocity increases, 
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Fig. 7—Variation in diffuser loss coefficient as the 
angle of divergence increases. The loss increases rapid- 
ly with divergence angles smaller than seven degrees. 


and by Bernoulli the static pressure decreases. In this 
instance, the boundary layer has the opportunity for a free 
ride, it can take the kinetic energy from the stream if condi- 
tions are not too severe. 

The extreme example of a converging or accelerating 
passage is found in the sudden contraction. In this case, 
even though conditions are favorable for accelerating the 
boundary layer, some separation may result from the pres- 
ence of the vena contracta. As the fluid leaves the region 
of the vena contracta and expands to fill the passage, the 
accompanying increase in the static pressure sometimes 
causes separation. 

The preceding discussion can be generalized in a rule 
of thumb that, unfortunately like most other such rules, 
has several exceptions. The rule is: Fluids can be acceler- 
ated much more efficiently than they can be decelerated. 
This rule derives from the foregoing explanation that 
acceleration is accomplished in a converging (dropping 
a gradient) passage, which stimulates flow of the 

undary layer; while deceleration is accomplished in a 
divergent (rising pressure gradient) passage, which dis- 
courages boundary layer flow. Any time the boundary 
layer stops completely, separation is the inevitable result. 
Wherever there is separation, there is loss and inefficiency. 

An example often given of the comparative losses in 
accelerative and decelerative systems is a water turbine 
and a pump. Turbines are ordinarily more efficient than 
comparable pumps because the pressure gradient in the 
turbine is inherently a falling one, while that in the pump 
is a rising one. This phenomenon can be seen more 
dramatically in Fig. 6, which shows the flow through a 
passage of varying cross section, first in one direction, then 
in the other. The greater orderliness of the accelerating flow 
is qualitatively evident. 


Practical Examples of Separation 


Separation is a phenomenon that abounds in and around 
hydro- and aerodynamic equipment such as fans, vacuum 
cleaner impellers, pumps, internal combustion engine mani- 
folding, automobile bodies, valves, ducts and elbows, to 
mention but a few instances 

The simplest example is the diffuser, or diverging pipe 
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section. It has been shown experimentally that an approxi- 
mately 7 deg included angle of divergence results in maxi- 
mum diffuser efficiency. At smaller angles the added axial 
length necessary for diffusion between two diameters be- 
comes great enough to affect the losses adversely by ampli- 
fying the skin friction. At larger angles, the pressure gradient 
is so steep that boundary layer separation occurs. 

The curve in Fig. 7 indicates that the loss increases more 
rapidly with angles smaller than 7 deg than with larger 
angles. This variation, of course, merely reflects the rate 
of increase of the cotangent at small angles. The loss 
in a sudden enlargement (180 deg included angle) is 
actually less than that in a diffuser of 60 deg included 
angle. If the fluid were run through the pipe in the opposite 
direction, the loss of the sudden contraction would be less 
than half that of the corresponding sudden enlargement. 

Another common loss that in a large measure is caused 
by separation occurs in elbows and bends of pipes and 
ducts, although in such flow an additional loss factor is 
present. This factor, called secondary flow, refers to the 
fluid flowing around the bend in spirals because of cen- 
trifugal forces. Secondary flow is the one exception that 
might cause excessive losses in a fluidynamic machine after 
surface area, velocity, and separation have been reduced as 
much as possible. 

Secondary flow is the result of transverse pressure 
gradients in the flow passage. It can be minimized by con- 
trolling the transverse gradients through proper design of 
passage shape, or through the use of guide vanes that pre- 
vent cross flow. 

Both separation and secondary flow cause losses in bends 
and elbows. The loss in a 90 deg standard elbow, for 
instance, approximately equals the friction loss in a length 
of thirty-six diameters of the same size straight pipe. Losses 
in valves, manifolds, and hydraulic fittings are also likely 
to be quite severe. Globe valves are among the worst 
offenders in this respect, embodying as they do a tortuous 
fluid path from inlet to outlet. 

Smoothness and continuity of boundary shape, in general, 
result in minimizing adverse pressure gradients, and thus 
separation. Smoothing or fairing the boundaries of a 
flowing fluid so as to control the pressure gradients is 
commonly called streamlining. The greater the relative 
velocity between a fluid and a solid boundary, the more 
important streamlining becomes. 

In hydrokinetic machinery, as the name implies, the 
kinetic energy and velocity are usually high, hence skin 
friction and separation are usually critical. Hydrostatic 
machines, on the contrary, are designed to operate using 
low kinetic energy combined with high potential energy 
(pressure). 

One of the disconcerting effects of separation in fluidy- 
namic machinery is the resulting loss of control of the flow 
direction. Most hydro- and aerodynamic devices are criti- 
cally susceptible to changes in the direction in which the 
fluid approaches a set of vanes. Separation in one set of 
vanes can completely change the direction of the discharg 
ing flow and initiate serious losses at the point of entrance 
to the next set of vanes. Separation is quite common in 
fans and in the vane passages of centrifugal pumps. 

In the torque converter, which is currently popular in 
automotive transmissions, the problem is especially severe 
because the angle of incidence of the oil on the blade noses 
keeps changing with the speed and tractive effort of the 
automobile. If the blades are designed for no separation 
at one speed, they are likely to suffer separation at speeds 
above or below that speed. The same difficulty exists in 
the compressors and turbines of turbo-jet and turbo-prop 
engines. Axial flow compressors are particularly critical 
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n this respect, and although generally characterized by 
a higher peak efficiency than centrifugal compressors, have 
efficiency curves that fall off rapidly either side of the 
design point, largely because of separation 


Detection of Separation 

Separation may often be difficult to detect because it 
does not advertise its presence loudly except in the genera 
tion of heat and reduction in efficiency. There are, however, 
several common cases in which separation is visibly present 
One is in the surface wake of a square stern rowboat. As 
the water arrives at the stern, it finds the equivalent of a 
sudden enlargement. As a result, the boundary layet 
instead of following the contour across the stern, separates 
and initiates a series of eddies. Another common instance 
is manifested by an automobile exhaust pattern on a cold 
day. Still another is the wake immediately downstream 
from a bridge pier in a rapidly flowing stream 

These three familiar examples point to a practical 
technique for detecting the existence and relative severity 
of separation, that is, to make the paths of individual 
fluid particles visible. The methods employed for visualiz 
ing flow depend upon the type of fluid being studied, the 
type of test circuit employed, and several other variables 

When dealing with gases such as air at velocities less 
than 400 ft per sec, the usual technique is to introduce 
visible particles into the air stream. Different kinds of 
smoke are widely used in this manner as well as certain 
vapors such as that of kerosene 

At high gas velocities approaching or above t 
of sound, several purely optical systems are employed 
These systems detect differences in air density by the effects 
\f these differences on the light-transmitting properties of 
lo not require the addition of smoke or 


he velocity 


the air, and thus di 
vapors 

In studying liquid flow, some form of additive is gener 
ally necessary. To make certain that the particle paths arc 
identical with true fluid paths, particles added to the liquid 
should have nearly the same density as the liquid, or b 
small enough so that surface forces are large compared 
to inertia forces. One such additive for use with water 
is a mixture of carbon tetrachloride and glycerine. This 
mixture forms discrete globules, the paths of which can b 
recorded photographically because of the differences 
refractive index. For low velocity laminar flow, streamers 
of colored dye can be added 

A two-dimensional approximation can sometimes b 

ide by using free surface flow with highly reflective 
particles scattered on the liquid surface. Care must be 
exercised in generalizing from this type of experiment 
because of the possible effects of gravity and surface tension, 
neither one of which is present for flow around a fully 
submerged body, or flow in a closed conduit 

These and numerous other visual techniques can be 
utilized for indicating the presence or lack of separation 
If carefully executed, they give a satisfactory measure of 

t severity of separation. Visual study of th 

responding flow patterns is often an aid in evaluating 


iesign improvements 


Methods for Reducing and Obviating Separation 


Separation, it will be recall d, generally occurs as th 
result of the existence of a rising pressure gradient accom 


panying decclerative flow. A natural approach wherever 
c 


| 
possible, therefore, is to design for accelerating flow, or 


at least for controlled deceleration (streamlining). From 

the study of the diffuser, a designer can utilize the informa 

tion that divergence up to approximately 10 deg will not 
| ee f the metriactiog C ol 


Cause eCxcess bosses. Tul 
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Huidynamic dev is such that divergence is an absolute 
necessity, and this divergence cannot be reduced below 40 
deg, it is evident from Fig. 7 that there is little point in 
attempting to streamline at all. If it is more convenient 
from a manufacturing standpoint, the designer might as 
well use 180 deg divergence, or a sudden enlargement. 

Also, it is obvious that tolerances on mating parts that 
form a fluid boundary should be so arranged that a sudden 
contraction can occur but not a sudden enlargement. The 
actual efficiency gains from individual criteria such as 
stated may be small, but these gains are accumulative 
and should at least be considered in the design process 

In many instances, particularly those associated with flow 
iround corners, guide vanes reduce the losses caused by 
separation. The reduction in loss that can be effected with 
properly designed guide vanes is indicated in Fig. 8. This 
particular example, Fig. 8, is complicated by secondary 
How as well as separation 

The exact ratio of the gains from guide vanes in reducing 
secondary flow to those obtained in reducing se paration has 
yet to be evaluated. The guide vanes, however, are helpful 
in reducing bend losses. This type of construction is com- 
monly employed in wind tunnels to reduce losses and main 
tain uniformity of flow. With guide vanes such as those 
de scribed, it 1S possible to use sharp elbows without exces 
sive losses. Obviously, in many small elbows it is structur 
ally impracticable to include such vanes 

In a study of the fundamental cause of all separation, 
which is the boundary layer, several other methods for 
mproving flow efficiency present themselves. One method 
that is receiving much attention from aeronautical engi 


neers, and that should before too long be adapted to 
hydraulic applications s the art of boundary layer 

moval 
Boundary layer removal is the technique of placing 
small slots or apertures through the wall of the solid 
boundary just upstream from the point of boundary layer 
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Fig. 8 — Comparative head loss for flow through an 
elbow without guide vanes and an elbow with guide vanes. 


Product Engineering — 1954 Annual Handbook 

















separation, and applying a suction that bleeds the boundary 
layer away. The result of such action is that a new 
boundary layer must form downstream from the slot. The 
new boundary layer, however, commences life with a 
kinetic energy nearly that of the main stream of fluid. By 
the time that its kinetic energy is dissipated, the boundary 
layer will have moved some distance downstream. Since this 
process theoretically, can be repeated many times, the point 
of separation can thus be moved as far as is feasible to the 
rear of the body to achieve a reduction in pressure drag 

By removing the boundary layer with slots or apertures 
at one or more points along a diffuser wall, divergence 
angles considerably larger than 10 deg can be employed 
without separation. This technique is employed in some 
of the engine air scoop diffusers in high speed aircraft 
Airplanes with similar suction slots built into the upper 
side of the wings can be flown at abnormally high angles 
of attack without stalling 

An alternative method of removing the boundary layer 
is to fabricate the boundary wall of a porous material, 
through which the slowly moving fluid can be continuously 
drawn along the full length of the boundary. 

A diametrically opposite approach to the separation prob 
lem involves injecting a comparatively high speed jet of 
fluid into the boundary layer so as to activate it by the 
resultant mixing and momentum transfer. As indicated 
in Fig. 9, this method has been employed in the design of 
aircraft wing slots. The presence of the slot allows the 
wing to be flown at much higher angles of attack (resulting 


in correspondingly greater lift) without stalling or separa 


tion. In general, addition of high velocity fluid is likely 
to be more difficult to effect and control successfully than 
is boundary layer removal 

Another technique, one in which the rewards are great 
for the effort involved, is transition of the boundary layer 


turbulent 
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stream, a turbulent boundary layer is characterized by much 
higher kinetic energy than its laminar counterpart. As a 
result of this increased kinetic energy, the turbulent bound 
ary layer can progress against a steeper pressure gradient 
than the laminar boundary layer 

To achieve transition from laminar to turbulent flow in 
the boundary layer is not a particularly difficult task. Tran 
sition occurs naturally with typical boundary roughnesses 
if the Reynolds number becomes sufficiently high. The 
classic example of such transition is in the flow around a 
sphere or cylinder. If the body is moved through a fluid 
at successively higher velocities, the boundary layer eventu 
ally changes from laminar to turbulent. When this sudden 
transition occurs, the drag force decreases noticeably. In 
Fig. 10 is shown the manner in which the drag coefficient 
of a sphere varies with Reynolds number; and thus with 
velocity, assuming the fluid viscosity to remain constant 

In most practical designs, however, operation will be at 
a Reynolds number well below the critical value correspond 
ing to boundary layer transition. It then becomes necessary 
to bring about the transition synthetically; sometimes it 
can be accomplished by roughening the boundary surface 
ahead of the point of separation. The roughness, if 
properly located and of the correct degree, excites the 
boundary layer to and reduced 
pressure drag 

It should be kept in mind 
will be increased by boundary 
bulent boundary layer a higher transverse 
velocity gradient (and hence than 
a laminar layer. Thus, where considerable boundary area 
is involved, and only slight initial separation, losses could 
be increased by injudicious boundary layer transition 

All the foregoing techniques for controlling the boundary 
layer are still than Experimentation is 


turbulence results in a 
however, that skin friction 
layer transition since a tur 
demonstrates 
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from laminar to flow. Because of continuous therefore necessary to cope successfully with the boundary 
momentum exchange with adjacent particles in the main layer in particular designs 
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Fig. 9——Effect of leading edge slot in allow- 
ing high angles of attack without stall. 
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Fig. 10—Variation in value of drag coefficient with 
Reynolds number for flow past a sphere. 
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Fig. 1 


Flowed-in gasket machine: The part to be lined is placed on a table over a 


spinning chuck. The rising chuck carrys the spinning part under the tip of a mechan- 
ically, pneumatically, or electro-pneumatically controlled nozzle. A controlled amount 
of compound flows into place. When the lining is complete after one, two or three 
revolutions, the chuck drops to its initial position and the lined part is removed. 


The Latest Development: 


Flowed-in Gaskets 


W. M. RAND, JR., Dewey and Almy Chemical Co. 


NEW FLOWED-IN GASKETS, produced 
by pouring liquid gasket material into 
place and baking the compounds to 
solid films, provide the same sealing 
efficiency as cut or pre-formed gaskets 
in many applications—and with sub 
stantial savings in labor, materials, 
and assembly time. 

The flowed-in principle is simple: 
A liquid synthetic resin or rubber com- 
pound is flowed into the gasket chan- 
nel. The entire part, with gasket ap- 
plied, is then baked and the com 
pound becomes a solid rubbery gasket 
Although the idea is not new, its ap 
plication to industrial gasketing prob- 
lems, its material requirements, and its 
production problems have only re 
cently received engineering attention 


Flowed-in Gasketing Materials 


Materials for low pressure nozzlc 
application, as used in automatic and 
hand spray gun equipment, must mect 
three general requirements 

1. They must be stable liquids with 
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low viscosity and relatively high 
thixotropy, (i.e, flow only after a 
certain minimum force is applied). 

2. They must be convertible to solid 
or sponge films of desired thickness by 
simple and controllable means in a 
short time. 

3. As films, the gaskets must have 
a wide range of resistance to the 
effects of temperature, 
liquids, and gases 

The materials that fill these require- 
ments are vinyl plastisols and organi- 
sols; high solids solvent solutions of 
the various oil-resistant synthetic rub- 
bers; high solids water dispersions of 
natural or synthetic rubber 


pre ssure, 


Plastisols and Organisols 


Plastisol and organisol compounds 
are especially adaptable as industrial 
flowed-in compounds because a wide 
The low 
viscosity materials (1,000 cps) will 


range of viscosity is possibl« 


reflow under heat just prior to gella- 


tion giving smooth, level gaskets 
Product 


High viscosity compounds (up to 50, 
000 cps) stay put as applied, whereas 
other compounds might run or slump, 
and short baking times are possible. 

Other advantages of plastisol gas- 
kets are: moisture transmission through 
the film is low; resistance to aqueous 
liquids, many oils, atmospheric condi- 
tions, pressure, and vacuum is good; 
and the film is tough, semi-elastic, and 
pliable. The low degree of solvent 
resistance can be improved by over- 
painting with solvent resistant paints. 
Flowing in of solid or cellular gaskets 
is possible. 

Their moisture resistance properties 
make these compounds especially 
adaptable as gasket material for alu- 
minum container covers for 35 mm 
photographic film. The covers pass 
from the forming and degreasing 
equipment through an automatic com- 
pound application machine and short 
conduction oven at a rate of 80 per 
minute. Four major improvements 
over the use of precut gaskets have 
resulted: 

1. Gaskets do not fall out during 
hopper handling of caps. 

2. Eccentric gasket application and 
consequent leakage are eliminated. 

3. Moisture transfer resistance is 
improved. 

i. Production speed is increased. 


High Solid Solvent Solutions 


The second group of flowed-in ma 
terials, high solids solvent solutions 
of such polymers as Neoprene, Buna 
N and Thiohol are especially effective 
where a high degree of solvent resist- 
ance is required. 

The film is ordinarily formed by a 
dual dry-baking operation. The dry 
ing phases drives off the solvent in 
about 14 hours. The baking cycle of 
about 21 hr at 325 F cures the film 
for the added solvent resistance neces 
sary. This slow speed drying-baking 
cycle necessitates baking the gasketed 
parts on trays for full efficiency. 

The excellent adhesion of these ma- 
terials to most metal surfaces makes 
them especially adaptable where con 
siderable handling of the gasketed 
part is involved. Low to medium vis 
cosity compounds make varied posi 
tioning of the gasket possible 

One interesting application of this 
type of material is in the manufacture 
of automotive shock absorbers. The 
OD cap for a shock absorber cylinder, 
is lined with an annular gasket of sol 
vent Neoprene compound near its Cir- 
cumference; caps are then baked for 
60 min at 325 F in a gas fired oven 
The finished part is then crimped to 
the cylinder in a simple rolling opera 
tion in which the top edge of the cylin- 
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der is forced over onto the gasket 
to form the seal. 


High Solid Water Dispersion 

The third group of compounds is 
high solid water dispersions of nat- 
ural or synthetic latices. Starting from 
Neoprene, GRS, or natural rubber latex 
with a solid content in the range of 
30 to 65 percent, compounds may be 
formulated up to 85 percent total sol- 
ids. Once again, high total solids 
make possible short drying times and 
thick gaskets. As liquid compounds, 
these materials have good storage sta- 
bility since activators, if required, may 
be added where necessary just prior 
to use. 

Drying of these water base com- 
pounds to solid or sponge films requires 
trom 10 min to two hours. Gas fired 
ovens with recirculating air tempera- 
tures of about 200 F or less have 
proven most satisfactory. The resulting 
film is softer than the two types previ- 
ously considered and, like the others, 
may be designed with a slight wax sur- 
face bloom. It has good moisture vapor 
resistance and is specifically pene 
where a gasket for protection against 
vibration or shock is required. The 
film with the widest industrial appli- 
cation in this group is the puffed or 
cellular sponge, although solid film 
gaskets in metal screw caps have been 
used in the food packing industry for 
years. By incorporating small stable 
air bubbles in the liquid com- 
pound prior to baking, a sponge is 
formed when the compound is gelled 
in the elevated temperature of the 
oven, 


Flowed-in Gasket Machines 

Where tolerances of weight and po- 
sition of the gasket are not stringent, 
and production rates slow, hand appli- 
ances may be used such as paint spray- 
ers Or grease guns. The area requiring 
a gasket may even be dipped in the 
compound and then baked. Where 
a circular gasket and higher produc- 
tion speeds are called for, however, 
semi-automatic or automatic equip 
ment is required. Such equipment has 
been in use for many years in the car 
manufacturing and metal screw cap 
industries for application of sealing 
compounds to metal caps for glass jars 
and to the ends of tin cans prior to 
can assembly. The principle of ma- 
chine application is simple and Fig. 
1 schematically describes the essentials 
of the application. 


Baking the Applied Gasket 
Once applied, compounds may be 
baked or dred in any number of ways. 
In the case of the water dispersion 
group of compounds a simple drying 
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Fig. 2—Typical production setup: Where long drying-baking time is needed, 
2(A), trays are used. The water base gasket compounds normally require 14 hrs 
drying time and 2] hrs baking time. Plastisol compound gaskets, 2(B), can be 
set in a few minutes and a conveyor installation can be used. Note reduction in 
overall length and the decrease in handling necessary. 


takes place, so that an oven with re- 
circulating air heated by gas or elec- 
tricity will meet the requirements. 
Since the drying may take up to 90 
min, it is necessary to ~~ the parts 
on trays or in stacks and pass the trays 
or stacks through the oven in racks. 
Recently, some water based dispersion 
compounds have been developed that 
will dry in 10 min and for these, ovens 
have been built to permit dropping 
of the lined parts directly from the 
liner onto the conveyor of the oven in 
which they are baked, thus eliminating 
the labor necessary in tray stacking. 
Ovens of this sort apply naturally to 
the plastisol compounds where very 
short baking times are involved. Other 
baking methods have already been 
mentioned using high frequency in 
duction heating and conduction. 

In one application, the compound 
is initially gelled to prevent flow by 
placing the lined part in a small oven 
at 350 F for a moment. The part 


then goes through a regular paint 
spray operation and on into the paint 
baking oven where both compound 
and paint are baked at the same time 
Fig. 2 shows two typical: installations 
for the application of flowed-in gas 
kets. One is designed for a solvent 
Neoprene or water dispersion com 
pound, the other for a plastisol com 
pound 

While there are many advantages, 
quite naturally, flowed-in gaskets also 
have their limitations. They are not 
resistant to the same high tempera 
Nor is 
it feasible to apply gaskets of much 
less than 3? in. OD. Frequently, the 
high quality of a rubber gasket is not 
practical economically. In general, 
however, the low cost of the flowed-in 
materials, the labor savings through 
machine applications, the good ad 
hesion and sealing properties these 
gaskets provide make them important 
in many industrial applications 


tures as are asbestos materials 


Table I—Characteristics of Flowed-In Sealing Compounds 


SOLVENT WATER 

PLASTISOLS COMPOUNDS DISPERSIONS 
Total solids, 100 50 -90 70-85 
Viscosity, cps 500--40,000 1,000 -500,000 1,000--100,000 
Specific gravity of solid film 1.3-2.0 1.5--2.0 1.2-2.0 
Application temperature, F 110-120 Room Room 
Application method Hydraulic pressure Hydraulic pressure Air pressure 
Unsupported film thickness (in., max 0.075 0.050 0.100 
Average baking schedule 1 min at 350 F 120 min at 325 F 90 min at 210 F 
Adhesion to untreated metal.... Fair Good Good 
Oil and solvent resistance Fair—Poor Good Fair 
Effective temperature range, F 0 to 200 45 to 300 45 to 250 
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PNEUMATICS. . Look for high 
pressure pneumatic equipment to take 
over high speed operations in aircraft 
from hydraulic and electric controls. 
Indications are that pneumatics will 
permit considerable savings in space 
and weight. 

Designers have been avoiding pneu- 
matic systems because of the lack of a 
high pressure air source and informa- 
tion about the medium. The first ap- 
pears solved by the development of a 
14 lb air compressor by Walter Kidde 
and Co., Inc. (See Product Enginee 
ing, April, 1952, page 140.) The se 
ond problern—information—is in the 
process of being solved. The National 
Bureau of Standards has instituted a 
study for the U. S. Navy Bureau of Air, 
to evaluate the properties and capabili 
ties of high pressure air for eventual 
use in aircraft systems 

In the meantime, Kidde engineers 
have designed a complete pneumatic 
system for Republic's F84G fighter 
Heart of this system is the 14 lb air 
compressor that can deliver in excess of 
four cu ft of free air per minute at a 
pressure of 3,000 psi. Such an output, 
singly or in series, is sufficient to power 
all controls, on present day planes, that 
are now hydraulically or electrically 
actuated 

Another boost for pneumatic systems 
was given by the Air Transport Asso 
ciation in a report on “Design Recom 
mendations for Turbine Powered Air 
craft.’’ It suggested that pneumatic sys 
tems be studied as the primary power 
source for control equipment 

Advantages of pneumatic 
over hydraulic and electric systems are 
( ited as 


systems 


e Simplicity. Pneumatics systems are 
generally simpler than electrical or hy 
draulic types. 

e Weight. Such systems represent a 
considerable weight saving over the 
other types 

e Safety. Air controls would elim 
inate the fire hazard associated with hy- 
draulic fluids and electricity, and the 
air is non-corrosive and non-toxic 

e Maintenance. Pneumatic systems 
would be easier to maintain since slight 
leaks do not affect performance to the 
same extent they do in a hydraulic 
system 

e Versatility. Air controls operate 
over a wider temperature range than 
other types; they are less vulnerable 
to damage; and they permit exception- 
ally high energy delivery rates neces 
sary to operate large loads 
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Developments to Watch 


HIGH PRESSURE... . The effect 
of high pressures on the atomic struc- 
tures of metals to form new structures, 
increase physical properties, such as 
strength, and as a means of testing 
metals for physical properties has 
gained substantial importance. In fact, 
high pressure instrumentation has been 
developed that permits, on a laboratory 
scale, the testing for the physical prop- 
erties of metals up to 30,000 atm at 
room temperature. 

The major problem that had to be 
solved to reach this pressure was the 
leakage of the transmitting liquid. As 
attempts are made to increase the pres- 
sure this problem is replaced by an 
other; to find some solid which remains 
sufhciently soft at pressures to 100,000 
atm to transmit stress approximately 
hydrostatically. Above 30,000 atm all 
liquids become frozen by the pressure 
with the exception of one or two. There 
appears to be hope along this line as 
silver chloride has been recently used in 
measuring the electrical resistance of 
metals up to 100,000 atm. The real 
work is to find a suitable transmitting 
medium to explore the field of high 
pressure and low temperature 

Originally the problem had been in 
the strength of the containing vessel; 
however developments in high strength 
alloy steels with tensile strengths to 
350,000 psi and Carboloy have helped 
tremendously. Carboloy, which has a 
compressive strength about twice that 
of steel, loses its brittleness in tension 
under high pressure. So, under tensil 
loading, it becomes stronger than steel 
thus excellent for high pressures 

Some of the 
should result from these high pres 
sure studies are: 

e The electronic breakdown of 
atoms. There are two instances now 
known is thought that a 
rearrangement of the electronic shells 
in the atom has been forced by pres 
sure. When the great complication of 
the electronic structure of most atoms 
is considered, a tremendous amount o! 
detail information can be anticipated 
by the process of complete atomic 
breakdown. 

e At pressures less than required for 
breakdown many new sub 
created 
combine 
to 50,000 atm and temperatures to 
2,000-3,000 C. For example, at 25,000 
atm an intermetallic compound of tin 
and bismuth has been produced. Under 
ordinary conditions tin and bismuth 


achievements — that 


where it 


atomic 
stances may be since it 1s 


now possible to pressures 


Product 


form a simple eutectic sy stem with no 
intermetallic phase. 

e Great increases in plasticity of 
metals—produced by pressure—will 
permit increases in strength. For ex 
ample, it is indicated that steel wire 
drawn through a die while completely 
immersed in a liquid under high hydro 
static pressure, has its strength in 
creased twofold 


HYDRAULIC SERVOS. . . . Servo 
pumps, which are a combination of an 
electrically-controlled, variable deliv- 
ery, positive displacement, hydraulic 
pump and a rotary or linear hydraulic 
motor, exploit the advantages of fluid 
mechanics for feedback control applica- 
tions. Servo systems requiring outputs 
of between 1 and 100 horsepower are 
ideally suited to the servo pump. Some 
of the characteristics of fluid mechanics 
that contribute to its usefulness in servo 
circuit applications are: 

1) Low inertia of the moving parts 
of the hydraulic mechanisms allowing 
high accelerations, quick stops and 
small time constants 

2) High degree of incompressibility 
of most oil hydraulic fluids, thus in- 
creasing tightness, rapidity and accuracy 
ot control 

3) Ability of most hydraulic mech 
anisms to operate under stalled torque 
conditions and radical speed changing 
cycles without damage. This permits 
steady application of force independent 
of speed and use of dynamic braking 

i) Ability to generate and use high 
pre ssures with good efficienc y and con- 
fine these forces to a small part of the 
total circuit. A high ratio of force-to 
inertia can be developed and a large 
amount of power can be sustained ina 
small assembly 

5) Hydraulic mechanisms are adapt 
able to electrical control, thus provid 
ing practical and convenient means for 
remote control, large power amplifica 
tions and flexibility of feedback 
methods 

6) Flexibility of transmission of 
force, and versatility in producing mo 
tion from this force. No direct mechani- 
cal connections are required for trans- 
mission of motion and either rotary or 
linear motion can be produced at the 
load 

7) Smooth, stepless, speed control 
over wide speed ranges are possible 
Some units have a smooth range of 
about 1000 to 1. 

The basic power imput to the unit 
may be any prime mover that will pro 
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vide adequate power and substantially 
constant speed. Such drives as electric 
motors, auxiliary drive pads on an air- 
craft engine, air turbines or hydraulic 
motors are considered reliable systems. 

The direction and rate of fluid flow 
from the pump is controlled by the 
application of a small electrical signal 
to a solenoid. The velocity, position 
and direction of motion of the output 
member and the load is under control 
of this electrical signal and such feed- 
back circuits as may be desired 

The power loss for control purpose 
is low because metering valve action is 
confined to a low-power level hydraulic 
system, designed to operate in the pres- 
sure range of 100 to 300 psi. The strok- 
ing system controls the amount and di- 
rection of stroke of the main power 
pump, which may operate at pressures 
to 4,000 psi. The final power output of 
the pump is determined by the amount 
of flow that the stroking system directs 
the power pump to develop and by the 
actual resistance offered by the load 


HYDRAULIC FLUIDS. . . . The ad- 
vent of high-speed, long-range, high 
altitude aircraft has placed the hy- 
draulic and hydraulic fluid industry in 
a challenging position. To maintain 
their present lead in the field of com- 
ponent actuation (sec pneumatics, 
above) considerable research and de- 
velopment work must be done to im- 
prove the temperature range of hy- 
draulic fluids from a present maximum 
of 200 F to values as high as 600 F. 

This range increase is being caused 
by engine power increases, miniaturized 
electronic equipment, skin friction, heat 
produced by dissipation of energy from 
higher pressure hydraulic systems and 
low heat transfer from such com- 
ponents in the rarified air. These heat 
valves are expected to increase the 
maximum operating temperature of hy- 
draulic systems from a normal 180 F 
to 450 F. Combined with the high 
temperature will be a low temperature 
requirement of —65 F caused by arctic 
use of many aircraft 

A study of the applications to which 
the fluids will be subjected point out 
several mecessary properties besides 
that of fluid stability to temperature 
combined with good oxidation resist- 
ance and low vapor pressures. The fluid 
should also be non-corrosive: non- 
toxic; exhibit a viscosity of 3.5 centi- 
stokes at about 450 F and 2,500 centi 
stokes at —65 F; be stable to hydrolysis: 
exhibit stability to shear; have a pour 
point below -65 F and a flash point 
above 400 F: be non-foaming: and it 
must lubricate steel on steel sliding 
and rolling contacts. Quite an impres 
sive list for a single fluid 


A survey of possible fluids that 
might meet these requirements included 
organo-phosphorus compounds; esters 
of mono and dicarboxylic acids; carbon- 
ates; borates; polyglycols; polysilox- 
anes; silicates and halogen containing 
compounds. None of these meet all 
the above requirements but some ex- 
hibit excellent potential by combina- 
tion, additives or further studies. For 
example, the mono and dicarboxylic 
acid esters would require only a suit- 
able viscosity index improver to meet 
all requirements; or, polyglycol, a 
thickening agent; polysiloxanes an ad- 
dition of certain halogen containing 
organics to enhance lubrication; and 
the silicates, possible further research 
and development to improve flash point 
and high temperature stability. 

On the basis of recent research 
studies, silicates can probably be pro- 
duced with higher flash point and 
greater stability and is one fluid that 
should be of increasing future im 
portance. Further developments of the 
lubricity and thermal stability of the 
polysiloxanes are continuing and simi- 
larly this fluid has a bright future. In 
addition, the more unique synthetics, 
such as polynuclear aromatics, or- 
ganometalloidal and organometallic 
compounds, now undergoing labora- 
tory tests, may extend the future high 
temperature range of hydraulic fluids 
to 850 F and possibly, 1.000 F 


HYDRAULIC POWER TRANS- 
MISSION. . . . One of the newer de- 
velopments in the hydraulic field are 
motors and pumps operating in a 200- 
300 horsepower range. 1,500 and 3,000 
psi pressures are used and long dis 
tance power losses are small. They ar 
presently being used experimentally, 
but the auxiliary equipment has to be 
connected in series and parallel to take 
the high hp ratings 

The big problem is thus in the auxili 
ary equipment. Directional and control 
valves are still under development and 
have not been perfected, as yet, to take 
the volume delivered by the high horse 
power drive units. However, rapid ad 
vances are predicted by several manu 
facturers and once developed should 
allow these systems to take over from 
certain power transmission systems 

The main value scems to be on 
equipment needing high power con 
trol and where present transmissions 
involve universal joints. gear boxes and 
a varicty of searing between control 
and source. The hydraulic system will 
need only simple piping between con 
trol and source 

Manufacturers predict high power 
with low losses over long distances 
with ease of maintenance once auxiliary 
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equipment is out of development and 
into production 


HIGH PRESSURE MEASURE- 
MENTS. . . . Although considerable 
work is being done on high pressure 
instrumentation several problems still 
exist. One of the major problems is 
the pressure measurement in the range 
above the freezing pressure of avail 
able liquids where pressure has to be 
transmitted by a solid. 

The simplest method will probably 
be the most successful; namely, meas- 
urement of the total thrust on a piston 
of known area. Errors will be intro- 
duced by friction, which can not be 
eliminated by rotation of the piston as 
is possible when pressure is transmit 
ted by a liquid, and by distortion of the 
cross section. Friction may be mini 
mized by making the diameter of the 
piston large compared with the thick- 
ness of the solid on which the piston 
acts and by use of conical packing rings 
of minimum thickness to retain the 
solid. Distortion of the cross section 
may be determined from the displace 
ment of probes let into fine holes in 
the wall of the pressure vessel. Pres- 
sures determined in this way will be 
used to locate various fixed points in 
the high pressure domain, such as suit 
able transition points. There is, at 
present, one such fixed point, the 
transition point of bismuth in the 
range of 25.000 atm 

A secondary measure of pressure 
will also have to be made. Whatever 
method is used it will have to be cali- 
brated and this calibration must be 
made against some fixed pressure point 
that has been previously established 
Such fixed points are offered by freez 
ing and melting of various substances 
or by polymorphic transitions. Charac- 
teristics of such fixed points are: a 
unique pressure when approached from 
either direction, speed of attaining 
eauilibrium, change of volume or 
other change accompanying the transi 
tion large enough to measure easily, 
and absence of super or subheating or 
pressing, There are not many transi 
tions with all these properties. One 
convenient such transition point is the 
freezing pressure of mercury at 0 deg 
centigrade 

There is a possibility that absolute 
pressure may be determined by use of 
thermodynamic formulas like the con 
ventional expression for the Toule 
Thompson coefficient, connecting the 
change of temperature with pressure 
at constant total heat to volume. spe 
cific heat and thermal expansion. Other 
examples are the pressure coefficient of 
electromotive force of a cell, or the 
pressure coefficient of surface tension 
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NOPAK Rotary Disc Valves 
have a reputation of being 
“practically indestructible’. 
They are noted for efficient, 
trouble-free operation, freedom 
from leakage and pressure 
loss, plus long service life with 
no maintenance under rugged 
operating conditions. The Pat- 
ented Cored-Disc, rotating at 
right angles to stream flow, 
results in the following ad- 
vantages: 

® Precision Control through the 
complete cycle of valve oper- 
ation, from slow gradual throt- 
tling to instant full opening, 
without damaging shock or im- 
pact, or pressure cutting. 

® Precision Lapped Sealing Sur- 
faces of Disc and Seat actually 
improve with use, without in- 
terlocking contours. 

® Protection Against Grit Ab- 
rasion or Wire Drawing be- 
cause sealing surfaces are al- 
ways shielded from direct 
pressure flow. Exhaust blast 
is carried off through cored 
channels in patented disc. 

® Pressure Sealing—Line pres- 
sure is at all times against the 
valve disc — the higher the 
pressure the tighter the seal. 
Packless Construction — NO- 
PAK Valves depend entirely 
upon metal-to-metal, precision 
lapped sealing surfaces for 
their proven, permanently leak- 
proof qualities. No “V” pack- 
ings, “O” rings or other seals. 
Note: NOPAK Hydraulic 
Valves have maintenance-free 
packing around spindle, be- 
neath operating lever, for add- 
@4, protection against spindle 
seepage. 

For Complete Data and De- 


NOPAK Operat 
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NOPAK Straightway Shutoff 


Valve, 250 psi, is used in place 
of a Gate or Globe Valve where 
a quick acting, quarter-turn, lever 
operated vaive is wanted 





NOPAK Model ‘'R’’ 4-Way Foot 
Valve has oscillating disc, no 
nevtral position. Valve stem is 
pinned to spring return foot 
pedal. May be ysed as 3-woy 
valve or 2-way spring-return 
shutoff valve by plugging appro- 
priate ports. 125 psi. 





NOPAK 500 Ib. Type 4-Way of 
sturdier construction than stand- 
ard disc type. Bronze for water; 
semi-steel for oil. 





NOPAK RECIPROTROL — Affords 

ti , out tic reciproca- 
tion of a cylinder. Pre-setting 
determines stroke speed and 
stroke length; also precise loca- 
tien of fractional stroke. 50 to 
300 psi air or oil. 





NOPAK 3- and 4-Way Hand 


Valve, 250 psi, to actuate single 
or double acting cylinders. Seal- 
ing at right angle to stream 
flow permits gradual throttling 
ot 





diate full opening 





Model *‘RN"' Double Pedal Foot 
Valve has spring return to ‘‘neu- 
tral’’ or ‘‘shut-off'" position. 
This feature allows cylinder to 
be held at any point along 
stroke length and permits further 
‘“‘inching’’ in either direction. 
125 psi. 





4-Way Balanced Hy-Pressure Hy- 
dravlic Valves, 500 to 1500 psi. 
Designed for easy manipulation 
with no binding or pressure lock 
because internal pressure is 
always equalized. 





NOPAK Model V Reciprocating 
Vaive, operated by either 2 
compact solenoids, or poppet 
cams, or manually controlled 
push buttons, or any combine 
tion of these. Air, to 150 psi. 









NOPAK 3.- 

and 4-Way Mani- 
fold Valves make an 
efficient and compact as- 
sembly where several cylinders 
ore operated from a single lo- 
cation. 250 psi. 









Model “‘F’’ 4-Way Foot Valve 
has continuously rotating disc, 
no neutral position. Actuated by 
pow! and ratchet. Pressure re- 
mains on one cylinder port until 
i is again depressed, there- 

y reversing cycle. 200 psi. 





Model *‘F’’ 3- and 4-Way Sole- 
noid Valve has continuously ro- 
tating disk, no neutral position, 
actuated by paw! and ratchet, 
same cycle as “‘F’’ foot valve 
For air, oil or water to 150 psi 


NOPAK 
*““PLOTROL"’ 
Speed control Volve 
for Air or Hydrav- 
lic Cylinders. Com- 
pact, In-line de- 
sign, fits into 
“tight” places. 
Quick, easy ad- 
justment. Rust and 

corrosion proof. 
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Adjustable Type — furnished only in cylinders 3” or more in diameter. 


ES 1, 2 and 3: Self-Regulating Type — operates automatically, requires no adjust? 
hion sleeve enters head bore, air or fluid is trapped between piston and cylinder head, form 


a “cushion” which acts over the entire piston diameter. Cushion remains constant at all times. 


Needle valve adjustment 


governs speed at which piston travels during cushioned portion of stroke. 


Non-Cushion Cylinders—provide motion at constant speed for full piston travel—are recommended 


only where piston travel is slow or where piston is stopped before it reaches end of stroke. 


NOTE: Standardized design and interchangeable units permit cushioning of 
either or both ends, with either adjustable or self-regulating cushioned heads. 


*Class 4 — (See Footnote under Class 4). 






Model ‘‘A"’ Parallel Base Mount- 
7 — for straight line, 

| applications where om ~ 
can be mounted on a flat surface. 


Model **D"’ Right 
Angle Flat Base 
Mounting — Rod 
End. Mounted on 
any flat base 
with opening for 
protruding cush- 
ion-boss and rod. 








CLASS 3 — 6 Standard 
Mountings. For Line Pres- 
sures to 650 psi. 


Model **E"* Heavy Duty Cylinder. 
The Heavy Duty Mill Type Cylin- 
ders come in a full range of ae 

up to 16” diameter. 
welded to cylinder body, climi- 
faneny tent ege a High "ow alloy 
either 


pes thru-bolts or An% Cast 
steel heads furnished if specified. 








Model ‘'B"' Parallel Centerline 
Mounting — Also used for straight- 
line, push-pull action but cyl- 
inder is mounted on flanged pads 
porallel with its centerline, to 
permit effective installation in 
“close quarters’. 


Mode! “‘E"' Pendulum 


Class 4 - Series 1500 - 





a) Model “*C"* Right 


oe Flat Base 
End. er be 


mounted on 
flat bese wit 
provision for pro- 
truding boss. 


For Hydrau- 


lic Line Pressures to 1500 psi 


Developed exclusively for high pressure service. yw of 

heavy gauge honed steel tubing, with f 

by lock rings. Heads cast of high tensile 

lock-ring construction permits head rotation on 

C, D, E and F for most convenient piping. on Mod =e 
et-head 


glands secured by special alloy steel sock 


*CUSHIONING ACTION — CLASS 4 
Because of the nature of hydraulic action, this class is 
ustable 


offered as non-cushion or with adj 


cushions on 


either rod end, blank end, or both. Cushioning recom- 
mended where piston impact is to be avoided. 


Model **F"’ 
nion Mounting — 
used where oscil- 
lating action in 
connection with 
side-thrust is en- 
countered. Trun- 
nion may be lo- 
cated within 
limits of tubing 
length. 


Trun- 
















4 
Constr 


1 (For Pressures to 150 
Standard Tubing and Tie- 
Construction. Satisfactory for 
air, oil or water* operation 
at line pressures up to 150 psi. 


2 (For Pressures to 375 psi.) 
Recessed Head Construction. 
Same as Class 1, except that 
tubing (cylinder wall) is re- 
cessed into cylinder heads. 
Recommended for oil or water 
hydraulic* line pressures from 
150 to 375 psi. 


3 (For Pressures to 650 psi.) 
Standard Heavy Duty Con- 
struction. Extremely rugged 
fabrication for all types of 
heavy-duty applications at 
pressures up to 650 psi for 
diameters up to and including 
4”; and 450 psi for diameters 
of 442” or more. 


4 (For Pressures to 1500 psi.) 
Series 1500 High Pressure 
Hydraulic Construction. Extra 
heavy gauge steel tubing with 
lock-ring flange construction. 
Designed for oil or water hy- 
draulic*® service at line pres- 
sures up to 1500 psi. 

*All four classes of NOPAK Cyl- 
inders may be used for either air 
or hydraulic applications. For 
water hydraulic applications, 
piston rods and steel tubing 
(where used) are chrome plated. 
Mountings: Class 1, 2 and 3 
are available in 6 standard 
mountings as pictured. Class 
4 NOPAK Cylinders are avail- 
able in all of the same mount- 
ings except “B”, 

For complete Dimensions and 
Specifications, write for Bulle- 
tin SW-l. If desired, we will 
also furnish address of nearest 
NOPAK Representative. 
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1 SINNER — — exmie VALVE fe \ you will find the modern approach to 
RINNE 


\ 14 Edgewood Br cticut your SOLENOID VALVE problems... 


\ Ne w Britain, 


Us.-- 
| pleose Hele “5°::.\ SKINNER VALVES 


| =e es checked gst 


\ skinner Volve vw =O 
\ gvo i SH | GUARANTEE 
gy vu 


\ a. 







r\x5 
\ om U ves for 
1 cond full information 8° | 0 C Y C F § 
om Sen uU — 

\ z (on most applications) 
\ pw ! The measure of performance in an electric valve is in 
\ ss cycles— millions of them in Skinner Valves... with the 
_ Company : \ kind of guaranteed performance made possible through 
Street crate \ the constant research, lab testing and design facilities, 
City 11 (approX-) know-how of Skinner engineers and the productive 
Have salesman co . \ capacity of an ultra-modern plant. Skinner Solenoid 


date an a Valves have a record of satisfactory and dependable 
performance in countless installations for gaseous or 
liquid control. Many models are Underwriters’ Approved. 
Let us approach your problem in the modern manner. 
Some of the many Skinner Valves are shown below. 


















M3 vél m xs 
3-way 2-woy 2-way Some os 
d 0-300 p.s.i V5 volves 





0-1000 p.s.i. | 


except 
explosion proof) 


0-300 p.s.i 








V50 V5-3 





V2 V10 q 
2-way 3-way 4 i) 2-woy 3-way 
0.200 p.s.i 0-1000 p.s.i 0-3000 p.+s.i. 0-300 p.s.i 


VALVES 


SKINNER ELECTRIC VALVE DIV., The Skinner Chuck Company, 114 Edgewood Ave., New Britain, Connecticut 
Jas Product Engineering — 1954 Annual Handbook 




















SALES MANAGER 


“John Bean Pumps 
help us sell our 
product" 


Who says you 
can't please 
verybody? 





Yj 


og 
= 


f PRODUCTION MANAGER 
“John Bean Qual- 


il 


ity Control eases 
my production 
headaches” 


MMU 





PURCHASING AGENT 


“John Bean is a 
dependable source 


of supply” 


gla we 






DESIGN ENGINEER 





Ms 
“lllyyy, 
Y 
a9) 
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SERVICE MANAGER 


a RY “John Bean Pumps 
‘ require mighty 
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NX 
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7 trot CHIEF ENGINEER 

_ “That boy de- 


serves a raise" 





MANAGEMENT 
“John Bean Pumps 
give us a better 
profit margin” 





Yes, John Bean High Pressure Reciprocating Power Pumps 
will please everybody — including your customers. Modern, 
compact design, rugged construction, dependable service and 
quality materials make John Bean Pumps desirable for a wide 
range of applications. Inside and outside packed models avail- 
able in capacities from | GPM to 80 GPM and pressures to 


6000 PSI. 

PLEASE YOURSELF — send today nae aE eee eee ee ee 

—— Industrial JOHN BEAN DIVISION, LANSING 4, MICH. 
— "1 GENTLEMEN: Please send me a copy of your 32 page 


industrial pump catalog. 


sovet 


NAME 






JOHN BEAN DIVISION \\ 


FOOD MACHINERY and 
tne CHEMICAL CORPORATION 


LANSING 4, MICHIGAN 


=“ 
I 
I 
{ 
COMPANY Q 
ADDRESS. i 
ae __STATE__ 

ae ae a a a ee oe J 
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Fuschon ELECTRO-HYDRAULIC 


ers 











An intricate special Turchan high pressure and volume 
tracer control system automctizes this modern skin 
mill manufactured by Simmons Machine Tool Corp. 





TURCHAN FOLLOWER 


For full information write CONTROL SYSTEMS DIVISION 
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INDUSTRIAL SERVO-CONTROL 
SYSTEMS for 


Electro-hydraulic tracer 










servo control system de- 

signed, engineered and naar and 

built by Turchan Follower ta 

Machine Co. for Niles of s hine tools 
Tool Works, Division of mac 


Baldwin-Lima-Hamilton Corp. 


ue” 
Sie 


e 


a 


pat at! 














MACHINE COMPANY 


8259 LIVERNOIS AVENUE, DETROIT 4, MICHIGAN 
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ra high safety 


N\ factor! 


AIR CYLINDERS 


These new T-J Cylinders save up to 40% in 
mounting space—with streamlined design that 
eliminates tie rods. They're super raugged—extra 
high safety factor ... solid steel heads... heavy 
wall, precision honed, hard chrome plated, 
seamless steel body . . . leakproof cylinder head 


to pody construction . . . heavy duty, hi-tensile, 











fe) oO 
SQUARE HEADS WITH TIE RODS 








hard chrome plated piston rod. 





Available with the new T-J Super Cushion 


Flexible Seals which insure positive cushion 





with automatic valve action for fast return 


stroke. Many standard sizes and styles . . . for T-J 
pushing, pulling, lifting, clamping or control 
jobs. T-] dependability. Write for bulletin 8152P ; 


The Tomkins-Johnson Co., Jackson, Mich. 


rey heel Ric] me NARS EXPERIENCE 


RIVITORS AIR AND HYORAULIC CYLINDERS CUTTERS. CLINCHORS 
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A rugged compact VANE-TY 


a 






: ? > { “ 
\ ey, Yon. Se Rise 


PE power package . 


This all-new, vane-type power package is built for continuous duty at 2000 psi 


—and is ready to operate as a pump or a motor without alterations of any 


kind! Four sizes are available, with 16 different pump-volume or motor-torque 


These rugged, heavy-duty, high 
pressure, high volume pumps, of hy- 
draulically balanced axial piston de- 
sign are built for circuits developing 
up to 5000 psi. Both fixed stroke and 
variable stroke types are available in 
three sizes (600, 700 and 800 series), 
with deliveries of 10, 20 and 35 gpm 
respectively. Variable stroke models 
can be furnished with many types of 
controls for regulating volume — for 
example: hand-wheel, pressure com- 
pensating, stem or cylinder types. 

These pumps feature compactness of 
design, fewer moving parts and elimi- 
nation of thrust bearings. They will 
operate on oils in a wide viscosity 
range, and under extremes in temper- 
ature conditions. Although they are 


600, 700, 800 SERIES 


dual-purpose adaptability of this Pump/Motor! 


capacities —3 to 82 gpm as a pump, or 8 to 92 hp as a motor! Complete 
hydraulic balance assures longer life through reduced vane loading. Single 
stage design and many other features add to the outstanding 







AXIAL PISTON TYPE 


built for high pressure systems, their 
use for requirements less than maxi- 
mum provides a reserve that assures 
smoother and longer uninterrupted 
service life. 

In addition to face mounting, all 
three sizes can be furnished with flange 
or foot mountings. 


Send for Catalog P-4 





















FOUR SIZES. Plus a variety of cam rings for a variety 
of pump or mofor capacities. 


INTERCHANGEABLE. Use as a pump or as a motor 
without alterations of any kind. 


ROTATES EITHER WAY. Operates either clockwise or 
counterclockwise. 


COMPACT DESIGN. Rugged simple construction gives 
the Pump/Motor plenty of stamina for long, hard, 
continuous duty at 2000 psi. Only three major sub- 
assemblies. 





PUMPING CARTRIDGE 
OUTBOARD HOUSING 


Constant Volume 


AXIAL PISTON TYPE 





A small, very compact, and economical pump 


of high efficiency for a wide range of circuit 
needs. Hydraulically balanced, axial piston de- 
sign. Three models with pressure capacities to 
3000 psi, 1800 rpm, output to 9.5 gpm. 


Send for Catalog P-4 








PUMPS and MOTORS 
























400 SERIES to 2500 psi 





A fixed-stroke axial piston motor 
with a maximum torque rating of 510 
inch-pounds maximum—the equivalent 
of 24 hp at 3000 rpm, Operates up to 
3000 rpm at pressures up to 2500 psi. 
- a really 





to 5000 psi 


Powerfully built high-torque, axial 
piston fluid motors, of compact design 
built in three sizes. Torque ratings 
tange up to 5585 inch-pounds or about 
160 hp—yet even the largest is only 
about one foot in diameter. For sys- 
tem pressures up to 5000 psi. Maximum 

operating spzeds; 2000 to 3000 rpm. 
2 Send for Catalog FM-3 





SMALL 
These self-contained, vertically mounted pump- 
ing units, for 2 gpm to 11 gpm require- 
i for a very wide range of i 
equipment applications. All 
ating components, inclu ing 
motor, pump, relief valve and 





~ 
sccm a rang 
pg . om 1 
to 35 in capacity. 
of each unit is formed by the oi 
Water-cooled, thermo- 
saa controled oi coolers are 


on send ber Gutoten 90-9 


LARGE SERIES 


The phastn. unit at left is one 
of a series of many models of this 
for circuits up to 5000 psi. 
Features include axial piston 
pumps for either constant or vari- 
able volume delivery of 10, 20 and 
ee - . . volume control by 
wheel, stem, or pressure com- 
pensation. All operating com- 
ponents, including electric motor, 
pump, relief valve, gauges and 
controls mounted on reservoir t 
and removable as a single unit. 
Standard 2-pass heat exchangers with auto- 
matic thermostatic control available for 
extra heavy or continuous duty. 


Send for Catalog PU-4 

















CONTROL VALVES 
PRESSURE CONTROLS 


*e 


3/4 to 11/2 
to 5000 psi 


a" 37° 
to 5000 psi /2 to 1/2 





to 2000 psi 









DIRECT 
OPERATING 


These simplified direct-operating pressure 
controls provide smooth, chatter-free control 
of systems up to 2000 psi. System pressure is 
always open to the bottom of the valve spool, 
so that instant response and fast action are 
assured. These low-pressure valves, provided 
as relief, sequence, unloading and counter- 
balancing controls, are available with or 
without built-in checks to suit your needs. A 
complete range of sizes and body types, with 
optional pressure ranges within each size. 


Send for Catalogs VRD-1 through VRD-& 


DIRECTIONAL CONTROLS 


V4" to 2° 
To 5000 psi 


HYDRAULICALLY BALANCED 


Dension hydrostatically balanced pressure controls offer 
the finest, most accurate control of hydraulic system pres- 
sures. These compound valves provide unusually close con- 
trol over valve opening and closing pressures. 

With Denison pressure controls you can be sure of im- 
proved performance for systems up to 5000 psi, with equal 
efficiency for both low and high pressure circuits. You get 
long, trouble-free service, with an adjustment range for 
your exact needs. Their ability to withstand continuous 
heavy-duty service has been proved in thousands of installa- 
tions from the simplest to the most complex automatic sys- 
tems. Types and sizes for all needs. 


Send for Catalogs VR-2B and VR-S-2 


PRESSURE 
REDUCING 


For independent control of 
reduced secondary circuit 
pressures while the pri- 
mary circuit is operating 
at higher pressures. For 
requirements up to 5000 
psi and from 20 gpm to 65 
gpm. Threaded flange and 
subplate mountings. 


Send for Catalog VPR-1 
















1/2" 
To 5000 psi 





4-WAY 
PILOT-OPERATED, 
SOLENOID CONTROLLED 





_ 4-WAY MANUAL, 
MECHANICAL, ELECTRIC 
OR PILOT-CONTROLLED 


' 
Denison 4-way valves are ruggedly built for every need, in 1/;” 
to 2”sizes, and for all requirements to 5000 psi. Standard optional 
spools for many porting requirements. Manual, mechanical, elec- 
tric and pilot control of valve operation with combined pilot- 
operated solenoid controlled models for your toughest jobs. 
Three-land spools in sturdy subplate or threaded body types pro- 
vide the dependable service you need. 

Send for Catalog VD-3 








A 4-way Directional Control specially designed to elimi- 
nate spool-sticking difficulties during long holding cycles 
or periods of extended usage in high-pressure circuits. Solen- 
oid operates pilot valving only; system pressure shifts valve 
spool. Operates smoothly and efficiently at all pressures and 
for all types of circuits. 

Send for Catalogs VD-4-1 and VD-4-2 





SURGE DAMPING CONTROL 


V4" to 1” 


MULTI-RANGE FLOW CONTROL CHECK VALVES 


, 


Va" to Yq" 


"to 11/2” 
to 5000 psi 


V2 


to 5000 psi 








to 3000 psi | 
) 


Eliminates destructive 
pressure shock in high- 
pressure hydraulic systems. 


Denison now offers 
pilot-operated check 
valves in standard 
and sandwich-types for your 


Denison Multi-range 
Flow Controls permit full 
scale regulation of flow, 
| for variable speed circuits. They are quickly 





Easily installed as a standard fitting. Does 
not interfere with function of other com- 
ponents. Adjusts automatically to any 
working pressure, requires only a fraction 
of a second to act. Cannot slow down cycle 
time. No adjustments necessary. Both in- 
dustrial and aircraft types available. 


Send for Catalog VS-1-A 


INDUSTRYS 


DENISON 


StydnrO0llica 


Bulletin No, 146 8-53 





and easily adjustable to various pump deliv- 
eries without changing spools —each valve 
meets many different circuit needs. Their 
compact, cartridge-type, single-spool design 
is ideal for meter-in, bleed-off and other op- 
erations at all circuit pressures to 3000 psi. 
For extra safety, valve bodies are built to 
withstand 5000 psi. Twelve models, in 2-port 
and 3-port types, with or without built-in 
check. 6 to 28 gpm capacities. 
Send for Catalogs VFC-1 and VIC-Z 


A SE 


circuit requirements up to 
5000 psi. Simple design and 
rugged construction assure de- 
pendable performance. Re- 
placeable valve seats simplify 
maintenance. Subplate or 
threaded body types. 





Send for Catalogs 
VPC-1 and VPC-2 


THE DENISON ENGINEERING CO., 1157 DUBLIN RD., COLUMBUS 16, OHIO 
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TYPICAL PERFORMANCE CURVE 





HORSEPOWER 











oO 


> 
| 


CAPACITY, 6PM 





PERFORMANCE CURVES FOR 2HCS GEAR TYPE PUMP 
OPERATING AT 1000 PS! WITH SAE NO.10 Ol. AT 120°F 


























— BAA 
PERFORMANCE 
aud LOWEST COST 


check the 
WEBSTER Line of 


Hydraulic Pumps 


methods. 


mediums. 


formance. 


@ It will pay you to get the facts about Webster Gear-Type Hydraulic 
Pumps before buying any pump. Here is a complete line of rugged, 
dependable pumps from 10 gph. to 10 gpm., engineered to operate 
efficiently at pressures up to 1000 psi. at speeds of 3600 rpm. or 
less—90 pumps of various designs and capacities to meet the widest 
range of requirements! 


Webster pumps are the product of skill acquired during nearly a 
quarter-century of experience. They have established an enviable 
reputation for efficient, dependable operation. All Webster pumps 


lend themselves readily to many forms of adaptation—and to modi- 


fication for special installations. All are available with built-in relief 


V aly e, i desired. 


Whenever you require pumps for lubricating, oil circulating, filtering, 
transfer or quiet hydraulic power applications, we invite your in- 


quiries. There is no obligation; just fill in and mail the coupon for 


further information. 


Oll HYDRAULICS DIVISION 


WEBSTER NU ELECTRIC 


Product Engineering 


| 


RACINE amas) WISCONSIN 


“Where Quality is a Responsibility and Fair Déaling an Obligation” 





WEBSTER ELECTRIC COMPANY, RACINE WISCONSIN @ EST. 1909 


1954 Annual Handbook 


CHECK THESE FEATURES 
V Exceptionally compact design. 
Vv Wide selection of porting locations and mounting 


V Integral relief valve optional. 
v¥ Gear contour carefully selected for quiet operation. 
Vv Shoft design to accommodate various driving 


Vv Engineered and precision-built for economical per- 
V All moterials carefully chosen for durability 


v¥ Design permits use in pumping other liquids having 
a substantial oil base. 
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PRESSURE RESPONSE CHARACTERISTICS 


Accurate sensing of any system pressure 
over an Adjustable Range of 15 to 3,000 
P.S.1, This adjustment range is obtained 
through 4 Fitting Kits which are inter- 
changeable on the same basic Body Kit. 
Will actuate an electric circuit at any pre 
determined point on increasing or decreas 
ing pressure. 


External adjustment screw for field setting 


The Fixed Actuation Value varies from 10 
to 300 P.S.I. depending on switch setting. 


Models designated—H are for Hydraulic 
Oil only. 


Models designated—WA have stainless 
trim for use with Water, Air, and Gas. 


OPERATING CHARACTERISTICS * ORDERING DATA 




















Actuation 
Adjustable Range Value 
Proof ~orregene Increasing Differential Catalog 
T 
Pressure | Min. | Max. Min Max. Approx. Service | Number 
3,000 15 175 25 200 10-25* |HYD. OjL 9612-0-H 
| WATER, AIR, | 9612-0-WA 
| GAS** | 
— + + + + + 
3,000 35 350 40 400 15-50° | HYD. Oil 9612-1-H | 
| WATER, AIR, 9612-1-WA 
|Gas° - 
> > _ + + 4 
7,000 125 1400 150 1500 20-150* |HYD. OIL | 9612-2-H 
| WATER, AIR, | 9612-2-WA | 
i |GAS** | 
5 } 4 + + + t 
7,000 | 250 2800 325 3000 35-300* |HYD. OIL 9612-3-H 
| WATER, AIR, | 9612-3-WA 
GAS** | 
+. A 





Pressures in P.S.1 

* Fixed at any pressure setting, varies as shown from lowest to highest setting. 

** Consult factory for CORROSIVE GAS SERVICE. 
BODY KIT (complete switch less fitting kit) may be purchased sep- 
arately — specify as 9612 BODY KIT. 
FITTING KITS for all services and pressure ratings may be interchanged 
and purchased separately — specify as 9612-0-H FITTING KIT, 9612- 
O-WA FITTING KIT, 9612-1-H FITTING KIT, etc. 


DETAIL DATA 
ELECTRICAL CHARACTERISTICS 


Incorporates an U.L. approved s.p.d.t. snap action switching element 
rated for AC and DC circuits. Recommended to operate relays, sole- 
noids, motor controls, and similar devices. 

Automatically reset by snap action of switch. 

Electrical connection is made through 13/16 hole for 2 inch conduit 
connector to screw terminals on switch. 

PRESSURE CONNECTION: 4 — 18 N.P.T. internal thread, 
MOUNTING: Two 9/32 holes in mounting bracket. 

WEIGHT: 2 pounds, 


ja2 


BARKSDALE ¢ WELETRON 
wy PRESSURE SWITCH ® MODEL 9612 


FEATURING 

Long service life 

The piston type pressure sensing element 
can be expected to perform millions of 
cycles under fast, continuous operation, 
where flexing elements will fatigue or 
rupture. 

Not sensitive to surges or vibration 
Generous piston travel plus extremely high 
proof pressure, prevents the undesirable 
actuation or damage from line surges, 
jarring or vibration. 

Flexibility of application 

The same basic switch body may be con- 
verted to any of the operating character- 
istics tabulated at left, by simply changing 
fitting kits. The easily accessible electrical 
terminals may be arranged to open or 
close the circuit on increasing or decreas- 
ing pressure. 


Tamperproof adjustment 





The switch setting is adjusted externally 
and locked in place to avoid its accidental 
disturbance. 

Pressed steel housing protects switch 
against dust, damage, and moisture. 
Mounting bracket is exceptionally adapt- 
able, may be rotated to any position on a 
full circle, or moved up and down on the 
neck of the switch. 
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MANUAL* 4-WAY SELECTOR VALVES 1500 P.S.1I.+ OIL SERVICE 


FEATURING 
The patented ‘“‘Shear-Seal"’ principle and 


its unique advantages: Leak-proof closure, 
low handle load, high flow capacity, no 
“wire-drawing,"’ not critical to dirt, only 
FLOW PATTERNS one moving valve member, excellent throt- 
tling, no “‘freeze-ups,"’ simple and rugged 

OPEN CENTER design that pays off in long trouble free 


service life. Valving members wear-in 









FLOW DIAGRAM 
ON HANOLE 





P where others wear-out! 
Plus: 
P Flow diagram incorporated on handle in- 
ra dicates flow for all actuating positions. 


Fully enclosed position stops and detents. 


CLOSED CENTER Extreme versatility for the Original Equip- 


‘ment Manufacturer: Straight porting read- 


Pp Pp Pp 
Vv ~ | iA > | ily provides for manifolding, by using 
' o, 2 21 NS 2 standard nipple and tee in pressure and 
IN | & 7 | return ports and street ells in cylinder 
R R R 


ports (see installation hints on reverse 




















side). 
ORDERING DATA VALVE CHARACTERISTICS 0 os . 
[| oRp aa Sanne ——— + —Pedestal”’, bracket, or _panel_mounting. 
| Handle Load j | Spring centering and positive locking de- 
Valve Number Minimum | Rated Flow (at end of Shipping| vice available as standard accessories 
Port Flow at 20 ft. per handle) at Weight . . ; 
a Size Open Center | Closed Center| Passage | sec. velocity* | Rated Pressure) (approx.) Designed for mass application and mass 
gr T roduction, 
VY" N.P.T. |C-121-S1-HO3 | C-121-S1-HC3] 4% DIA. | 3. G.PM. 10 LBS. 3 Bs. | P Ree ee _ : 
— a it - | Low initial cost to keep the Original Equip- 
6 N.P.T. | C-122-S1-HO3 oho 122-S1-HC3}] %, DIA. 9.5 G.P.M. 20 LBS. 5 \BS. ment Manufacturer in a competitive posi- 
V4" N.P.T. |C-123-S1-HO3 | C-123-S1-HC3 Ky DIA. | 9.5 G.P.M. 20 LBS. 5 \BS.| tion, and low maintenance to protect his 
5 + 
%4” N.P.T. | C-124-S1-HO3 | C-124-S1-HC3] % DIA. | 27.5 G.P.M.| 30 LBS. 17 ~ good name. 
| 1” N.P.T. | C-125-S1-HO3 | C-125-S1-HC3 ¥% DIA. | 27.5 G.P.M. 30 LBS. | 17 LBS. | 


























* Valves are capable of withstanding velocities up to 60 ft. per second without modification. 


ACCESSORIES (at extra cost) 

SPRING CENTERING devices are available 
for Vy, ¥%, and Ye inch 4-way valves. 
POSITION LOCK may be furnished for 
all valve sizes, where accidental move- 
ment of valve handle must be prevented. 
Snap action locked position can be changed 
only by intentionally pressing the release 
lever. 




















all pr 
A-1, 
Valv Shut t 
Te Ss ape HOUSING 

+5 la SHEAR-SEAL 
ve S ft : 
C ; Air on BODY 

sto J F 110g 





3125 ALCOA AVENUE, LOS ANGELES 58, CALIFORNIA 
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W. LC.NICHOLSON)&(O. 





TRAPS - VALVES - FLOATS 


200 OREGON ST., WILKES-BARRE, PA. 


Sales and Engineering Offices in 58 Principal Cities 





Nicholson Control Valves 


For Single- and Double-Acting Cylinders. 
Many Special Applications. 


For Air, Steam, Water, Oil, Gas, etc. 
12 Types: All Pressures to 5,000 Lbs. 


Nicholson valves are furnished in 12 standard designs for “on-off” 
action and cylinder control; special types for distributing, metering 
and alternating service, as well as for many other special operating 
cycles. 

In a wide range of plants—steel, metalworking, processing, etc.— 
many Nicholson cylinder control valves have now been in continuous 
service for well over 25 years. Their capacity for long, leak-free serv 
ice is confirmed by repeated installation records showing Nicholson 
valves actually improve with use. This is because the lapped, flat 
surfaces of their non-corrosive discs and seats tend to become smoother 
and tighter with each operation. 

Unlike many poppet or balanced piston units, Nicholson valves can 
be used for steam as well as for air, gas, oil or water. As a result of 
this adaptability, users of Nicholson valves need stock fewer spares. 
Specially treated hard seats and easy repacking cut maintenance time 

Nicholson valves feature an especially large selection of metal com 
binations; also gaskets and gland packing best suited to your service 
Valves furnished for all mediums and types of operation: lever, foot, 
motor and solenoid. CATALOG 552. 


LEVER-OPERATED VALVES, 4 STYLES 


For air, steam, water, oil, gas, etc.; 
pressures to 300 Ibs. 

2-Way Type in sizes 4%" to 24%"; 60 
lever travel. For use in place of gate or 
globe valve. 
3- and 4-Way Types in sizes 4g" to 142"; 
60° and 120° lever travel, with or without 
neutral. 3-Way for single, 4-Way for 
operating double-acting cylinders of 
presses, hoists, clutches, etc. Special types 
for plastic molding machines, open-hearth 
furnaces, 2-pressure press operations, etc 




















FOOT-OPERATED 
VALVES, 2 Styles 


For air, steam, water, oil, gas, etc.; 
pressures to 300 Ibs. 
2 - Way 
Type in 
sizes 44" 
to 1%”. 
For pres- 
sure-tight, 
quick-acting shut-off service 
3- and 4-Way Types in sizes 44" to 1” 
3-way for single, 4-way for operating dou- 
ble-acting cylinders. Have many applica- 
tions on presses, hoists, rubber machinery, 
etc 


MOTOR-OPERATED VALVES, 3 Styles 


For air, steam, oil, gas, tar or water; pres 
sures to 350 Ibs. 

2-Way Type in sizes 44" to 212"; 
and “Off” positions only. 

3- and 4-Way Types in sizes 4" to 114” 
3-way for single, 4-way for double-acting 
cylinders, and for many special cycles where 
the time between operations is variable 






with “On’ 


SOLENOID-OPERATED VALVES, 3 Styles 


oil, water, etc.; 






For air, steam, gas 

pressures to 375 Ibs 
2-Way Type in sizes '4" to 142". For 
use where o quick-acting “On-and-Off” 
valve is required. 
3- and 4-Way Types in sizes '8" to 1”. 
For remote or automatic control of sin 
gle- and double-acting cylinders, and for 
special cycles such as distributing, pro- 
portioning, filling and emptying one or 
more tanks, coils, vats, etc. 

Types with or without neutral; for sus- 
tained or momentary contact applications. 
All types can be operated by push-button 
stations or time-cycle devices. Solenoids 
are available for operating on AC or DC 
up to 550 volts. Other voltages on spe- 
cial order 


Nicholson Welded Floats 


Spherical, Elliptical, Cylindrical. 2" to 14" 
Diameter. Press., Vacuum to 4800 Lbs. 


STANDARD WITH HUNDREDS OF MANUFACTURERS 





Nicholson heavy-duty welded floats are made of die-formed halves 
The butt-welded seam forms a reinforcement ring. For pressures to 
4,800 Ibs. Furnished in any type for external or internal pressures; in 
stainless steel, Monel, chromium, cadmium or copper-plated steels 
Stainless and Monel in rough-buffed or polished finish. Nicholson 
floats are standard on hundreds of types of processing and steam 
specialty equipment, liquid level controls, etc. Standard or special 
connections, BULLETIN 753. 


STANDARD FLOAT CONNECTIONS 


O) ©) 


= 
| ™ (O) 


Style 4T Style SE Style 6C 


eS Se ae 


Style 7R Style BE Style 9E Style 10R 


fi ©) 


Style 15 Style 2S 


co 
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alvair Solenoid Pilot Operated Control Valves 









Valvair Speed Kings 


are small, light 


ca 


in weight, with a 
upeed of 600 cycles 
per minute, and 
proven capable 
of 20,000,000 


cycles and up. 


The New Valvair Speed King line is complete — 3-way, 4-way, 
and 4-way-5-port (2-pressure), foot-mounted or sub-base manifold mounted; 
pipe sizes — %", %", Y2", %”, 1”. Complete — to fit almost 
innumerable applications. A precedent-breaker in size, weight, speed and endurance, 
Only one moving part. Non-corrosive materials throughout. 
Solenoid and pilot valve parts are totally enclosed, 
but easily accessible. Get all the facts! 


VALVAIR CORPORATION Affiliate: Sincloir-Collins Valve Compony 


961 BEARDSLEY AVE., AKRON 11, OHIO 
REPRESENTATIVES IN PRINCIPAL CITIES 


* Ae 
Fa ee 


ie ae. ee 
en ee ee Ue 
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CYLINDERS 
@ Long recognized as 
the finest hydraulic 
Write for Bulletin 110 
ADVANTAGES 


cylinder made. 
4. Ground steel piston rod. Concentric 














@ No tie rods; ideal 
for long-stroke appli- 
cations 
@ 12 bore sizes, I” to 8” 

with and locked to piston 

2. Pre-adjusted chevron packings in 
non-adjustable gland. This eliminates 
over-tightening, binding, etc. 


@ Ii mounting styles; 
many combination 

3. Alloy steel bolts— heat-treated for 
strength 


mountings available 
4. Seamless steel cylinder. Extra 


strength. Piloted to end caps to assure 
b) 


HAA AMELTL UH! 








se y 
5. Positive seal piston rings. Lapped 
both sides for minimum oil slip 

6. Alloy iron Universal end caps. 
Rugged. Port completely rotatable— 
air vents four sides 


7. Cushioned caps when specified. 
Eliminate shock at end of stroke 


CYLINDERS 


HANNIFIN 
“CUSTOM” 
HYDRAULIC 
CYLINDERS 


@ Built in quantity for 
use on customers’ 
products 


Permit exact 


9. “TRU-BORED" perfectly straight 
and round, then honed satin smooth, 


@ Specially designed 
for each application 


@ Often tne most eco- 
nomical way to buy 
hydraulic cylinders 


Bring us your 
cylinder problems. 





HANNIFIN 


Hannifin Corporation, 1125 S$. Kilbourn Ave., Chicago 24, Ill 


10. Cast iron piston. Grooves preci- 
sion cut for superior seal. Piston con- 
centric with and locked te piston rod 
11. Cenfined “O” ring gaskets—seal 
positively, cannot extrude 











Air and Hydraulic Cylinders e Hydraulic Power Units e Pneumatic and Hydraulic Presses @ Air Control Valves 
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Pneumatic 


















NOW... 


HANNIFIN HAS THE 
MOST COMPLETE LINE 
OF AIR CONTROL 
EQUIPMENT! 





Really complete, the Hannifin line 
of pneumatic cylinders is made in 
twelve bore sizes, 1” to 16", and in 
six standard mountings, many com- 
bination mountings. Really standard, 
these cylinders are tooled to toler- 
ances that assure accurate mounting 
to make assembly to your machines 
easier. Really built, each cylinder is 
“TRU-BORED” and honed, piston 
rods are ground and polished, inter- 
changeable end caps, heavy duty tie 
rods. ..rugged, yet precision con- 
struction throughout! 


Write for 
Bulletin 210 





NEW! REVOLUTIONARY HANNIFIN 
P-M Pilot-Master Valves 


2 and 3-Way 
Valves. 
Same valve operates -— 
2-way or 3-way, nor- 
mally open or nor- 
mally closed. %" to 

1%"’ LP.S. 


Piston-operated poppet design. 
Exclusive replaceable cartridge for ™ 
easier maintenance. Speeds to 600 
cycles per minute. Pressure from 


15 to 150 p.s.i. Integral, solenoid- 





controlled pilot heads or a choice 
of 10 separate pilot valves for 
remote control. 

@ Fewer Valves to Stock 

@ Fewer Parts to Stock 


4-Way Valves. 


Two 3-way valves 


\ 


Disc Type 


Air Control Valves 
Designed for smooth, positive and ac- 
curaie control of air-operated equipment. 
Bronze discs lapped to perfect seal with 
seats. Packless design. For hand, foot or 
electrical operation. Sizes: Vs" to 14" 1.P.S. 


Write for Bulletin 57-W 


Hannifin “Directair” 
electrically controlled 
air-operated disc valve 





@ Maximum Interchangeability 
@ No Springs in Main Valve 
Write for Bulletin 231. 
EXCLUSIVE REPLACEABLE 
CARTRIDGE 





| 
| 


J 


ie 

















mounted in compact, 
common body. Two 
iston poppets. Two 
aan, wi » Wee Foot-operated 
¥%"" 1.P.S. treadle valve 
(Also spring return r. 

and rotary types) 









AIR WARDEN 


Air filters, pressure . 
regulators and lubri- 


Standard hend 
control valve 
(Single or duplex) 


cators to protect air L 


operated equipment 
Bulletin 10108 





HAN NIFIN 


Hannifin Corporction, 1125 $. Kilbourn Ave., Chicago 24, Ill. 
Air and Hydraulic Cylinders e Hydraulic Power Units ¢ Pneumatic and Hydraulic Presses ¢ Air Control Valves 
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MACHINE TOO 
LA 
INDUSTRIAL EQUIPMENT 


Custom Built Power Units 

Balanced Vane Type Hydraulic Motors 
Hydraulic Power Steering System 
Variable Speed Transmission 
Hydraulic Accumulators 


Hydraulic Cylinders 

















p ior the design engineer 
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Get in touch with the nearest Vickers Application 
In addition to such bulletins, Vickers has on filea Engineering Office for additional specific data you 
wealth of specific application information, design may require. 


V NICKE R$ INCORPORATED : DETROIT 32, MICHIGAN —_p DIVISION, OF Tm 


1454 OAKMAN BOULEVARD 









Application Engineering Offices: ATLANTA + CHICAGO (Metropolitan) + CINCINNATI + CLEVELAND + DETROIT « HOUSTON + LOS ANGELES (Metrepoliten) 
° . + SEATTLE « TULSA + WASHINGTON + WORCESTER 








A NEW 
HYDRAULIC 


300 P. 5S. 1. Cylinders 


2000 P.S. 1. Cylinders 


4% 
Fixed Displacement ) 
Pumps & Motors / 


a 
ea > 3000 P.S.1. Cylinders 
Flanges > —_— 
ress y, 4 orn 


Y 
4 3 


~_— 


Filters 


~ 


. \ | 
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iaesve « Swe 


5 40 






























COMPLETE LINE OF 
COMPONENTS 


4-Way Threaded Valves 





4-Way Flanged Valves 


Rotary Pilot Valves 


Threaded, Flange and Gosket 
Mounted Functional Valves 





2-Way Gasket Mounted Valves 


HE CYLINDERS — Over 800 bosic models —1!2' to 12” bore HE FUNCTIONAL VALVES — Belief, sequence, unlooding 


sizes — 150 P.S.!. air or 300, 2000 or 3000 P.S.I. oil hydraulic pressure reducing, counter-bolance, flow control and check volves 
service Wide choice of standard mountings — Available with mole Threaded connections 4” to 1%" sizes for 2000 P.S.! Flanged 
or female, standard or 2:1, single or double end piston rods — connections, 2" to 2'2" sizes for 3000 P.S.I Gasket mounted 
Adjustable stroke With or without cushion and with many com- 2" to 2's" for 2000 and 3000 P.S.! Smooth, balanced control 
binations of mountings — Single acting, collapsible or telescoping Minimum pressure differenticl required for operatior 


lorge bore and other special cylinders to meet unusual requirements os PUMPS AND MOTORS Feed Ghatdeemedt  cunin 
ca DIRECTIONAL VALVES — 4-way end 2-way threaded and motors Plain, foot flange ond motor mounting Capacities 


valves, ‘4 to 1%" in size for 2000 P.S.!. service — Manval, cam, 1 to 120 G.P.M., 1000 P.S.I Variable displocement pumps and 
foot, solenoid, oil and air pilot operation Six spool styles Stem motors Radial piston type Capacities 1 to 185 G.P.M 3000 
knob, lever and ao new quodront type control Some models, types P.S.1 Ample selection of pump control equipment ovailable 


of operation and sizes also available with flange connections for 


3000 P.S.! An equally complete line of gasket mounted volves, a POWER UNITS Reservoir capacitic 7 to 200 gallons 


F | ment or le | nt pumps ombinations 
to 4”, 2000 and 3000 P.S.! Also rotary pilot valves — Over ixed displace or variable displacement pumps or combination 
thereof Modern design Completely self-contained Easy to 





3175 models with modern, improved styling for o maximum of service 
clean — Compact — For every circuit requirement 


Planned to make circuit layout 
NINE NEW easier—Saves time for engineer- = ACCESSORIES To complete the circuit—filter gouges 


ing and purchasing — Complete pressure switches, welding flanges, heat exchangers, slip joints and 
CATALOGS line classified and catalogued other equipment 
according to type, style, product 
and pressure range — Check 
catalog numbers of components 
suited to your requirements and 





















My 


ONE source for your hydraulic circuit requirements! H-P-M mokes 


circuit planning specifying and purchasing easier once assures 


MAIL COUPON TODAY! undivided responsibility to the user 
"m Y.D ee ee 
SI1ON 


eae THE HYDRAULIC PRESS MFG. CO 
MOUNT GILEAD, OHIO, U. S.A 
















Please send me the New 
H-P-M Component Catalogs 
checked below: 


R 


760|—Pumps, Motors 
en Units 





} 7701—Cylinders——150 
PSI. Air, 300 PS1. OW 


} 274 —Cylinders— 
3000 PSI 


[_] *801—Volves— 2000 


PS1. Threaded NAME 
= 6271—Valves— 3000 
PSI. Flange COMPANY 
OC 2041—Vvewes— ADDRESS 
—Write for H-P-M’s 3000 PS). Gosket 
NEW, Fact-fill t i. < 
E act-filled componen C) 27901—Accesseries city ZONE STATE 
catalogs TODAY! 
[] =1001—H-P M Engineering 

Menvol — 


i iii 











WHEREVER PIPING MUST MOVE 


—a specialized Fo A & C 0 flexible joint! 


—BARCO BALL JOINTS 


“One joint does the work of two or more !”—because it moves in any direction. 
Standard the world over where low cost, leakproof movable joints are needed 
in piping handling steam, air, water, oil, gas, or chemicals. Many models 
available. Up to 40° side flexibility plus 360° swivel oction. Also used to facil- 
itate quick connection of piping, overcome misalignment. Pressures to 7,500 psi; 
temperatures to 1,000°F. 15 different sizes, 4%" to 12". Ask for Catalog No. 215 


me” 


— also swivel motion 






~“BARCO SWIVEL JOINTS 


Self-aligning! Exclusive side flexibility (up to 10°) speeds up and facilitates 
installation; prevents binding. Widely used for making compact, low torque 


swivel connections to reciprocating or rotating parts on platen presses, tire 


‘ _ ve ~ molds, die casting machines, oil burners. Easy to position piping accurately 
woe ; no sagging, flopping lines. Leakproof, safe — pressure or vacuum. Ratings as 
high as 600°F., 3,000 psi (hydraulic). Sizes, %” to 2"; angle or straight. 
— also limited angular motion f Catalog No. 265A 


SOC Pees e cee eS eC ee eae S4 2CRee@ecCeoeeneese eo eeneeeee eee eoeeee ee ee 88 8 


Ga 


—BARCO REVOLVING JOINTS 


for Superior design insures trouble-free performance, minimum roll drag, and up 

to 50% power savings. Inherent low torque is little affected by increasing 
pressure, speed, or temperature. Parts are easily accessible. Light running 
action minimizes wear, permits free-floating installations. No adjusting neces- 
sary—long, leakproof service. Ratings to 250 psi (steam); 450°F. Single flow 
or syphon styles. Sizes 2" to 2” and special to 5”. Wide choice of models. 
For detailed information, ask for Catolog No. 300 





KE 
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—BARCO SWING JOINTS 


Barco’s new line of ball bearing Swing Joints is complete with sizes and styles 
to meet every requirement on loading racks, fueling assemblies, and chemical 
applications. “O” ring gives long life, leakproof seal. Full bearing surface, 
swiveling 360° in one plane (single swing) or in two planes (double swing), 
supports normal piping. Ball bearings can’t fall ouf. Built in steel for pressures 
to as high as 1500 psi (hydraulic); temperatures, —40° to 225° F. 11 styles: 
straight, angle, double angle, counter balance. Sizes 2”, 242", 3”, 4”. 
Catolog No. 400 





HIGH PRESSURE HYDRAULIC SWIVEL JOINTS — In addition to the four types of flexible joints 
illustrated above, Barco produces a complete line of High Pressure Hydraulic Swivel Joints for 


use with small diameter tubing or pipe. Send for Catalog No. 269. 


BARCO MWafecturing Co. 


552 Hough St., Barrington, Illinois (A Chicago Suburb) In Canada: The Holden Co., Ltd. 


FREE ENTERPRISE—THE CORNERSTONE OF AMERICAN PROSPERITY 
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RACINE 


ALL COMPONENTS FOR ANY HYDRAULIC CIRCUIT 
They work better together” 


WRITE FOR NEW CATALOG AND 
NAME OF NEAREST FIELD OFFICE. 


Complete Engineering Service 
——-- Available without charge. Address: 


RACINE HYDRAULICS & MACHINERY, INC. a 


2072 ALBERT ST., RACINE, WISCONSIN, U.S.A. 


| 
| om 
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Hand-Operated Power - Packer 


Here’s the dependable answer for electri- 
cally-operated hydraulic control of imple- 
ments and attachments. Uses a 6-volt 
standard automotive starter-motor for power. 


Speed— Lifts the load three 
than hand-operated pumps. 


times faster 


Remarkable Efficiency means low battery 
drain. Tests 


show ordinary 6-volt aut 
battery (without rest or charging) still 
operating after 150 average lifts. 


Positive Displacement means no slippage 
under varying temperature and load con- 
ditions. 


Centro! is simple, precise! It lifts and 
lowers at any desired speed — and holds 
the load, too. 

Quiet, Smooth Operation— no peak loads 
on the battery —thanks to the balanced 
4-pistoa wobble-plate pump. 

Simple Installation - 
age — pump, 


It is a complete pack- 
reservoir, 


valve and electric 










CHOOSE BLACKHAWK 


for your product 


Electric Power-Packer 


head. Only four mounting holes. Port is 
Ys" N.P.T. for use with Blackhawk equip- 
ment hose. 


SPECIFICATIONS 





MODEL 





Hand-Operated Power-Packer, Jr. 


| P-247 | P-248 
+ 


Normal Operating 


Pressure (P.S.1.) 5000 2500 
Maximum Intermittent - 

Pressure (P.S.1.) | 10,000 5000 
Reservoir Capacity i 

(Closed Reservoir) 105 cu. in. 105 cu. in. 
Reservoir Capacity 

(Vented Reservoir) 166 cu. in 166 cu. in. 
For use with 6 volt D. C. Systems 

P-248 delivers 70 cu. in. of oil per a te at 
2 p.s.i. with powes ira f watt r, 
another example, it delivers 50 ¢ f per 
minute at 5000 p.s with powe ira t 815 
watts Weight 58 Ibs. 8 oz 

(Electric pump-head is available as separ- 
ate unit for converting P-60 and P-63 Pow- 
er-Packers from Aand-operation to eiectrical 
operation in the field It's ea because 
reservoirs of hand-operated and electrically- 


operated units are identical.) 





Power-Driven Power-Packer 

















(Double-Acting) (Single-Acting) Pump, valve and reservoir are in one 
7 - . , : package eliminating expensive piping 
Specified as “standard” by hundreds of The low cost of this refined, compact nd installation problems. The pump 
equipment manufacturers. No other hand- pump series permits hydraulics on a has the same characteristics found in the 
operated pump equals its sales records, broadened range of equipment. popular P-104 Pump (opposite page). 
SPECIFICATIONS SPECIFICATIONS SPECIFICATIONS 
T 
MODEL | P-60 P-63 MODEL P-146 | P-147 | P-148 MODEL P-219 | P-220 
Maximum Pressure | Maximum Oper- | Capacity of G.P.M. 
(P.S.1.) 5000 2500 ating Pressure ot 900 rpm = 1.375 | _ 1.375 
Displacement per P = (P.S.1.) , 6000 . 5000 2500 Maximum Intermitten i 
stroke (Cu. In.) .294 557 Displocement ’ Pressure (P.S.1.) ___ 4000 4000 
ia al _—" was ee — —_—sipper Stroke 15033 | .19635 | .37122 Normal Operating 
Pump Pistons | 1 11/16" Diameter of if Pressure (P.S.1.) 2500 2500 
* — mea P Pis 7/16" ¥,"* 11/16" Recommend Speed 
114 cu. in, 114 cu. in, var — T T : T : Range (rpm) 600-120 | 600-1200 
Reservoir closed closed Handle Effort at i i - + - 
Capacity (Cu. In.) i 231 cu. in. 231 cu. in. Maximum Pressure 57 Ibs j 61 Ibs | 58 Ibs. ro mae Capacity | tea vy est 
vented ‘ vented Reservoir “ — : ~ sas : —_ 
Capacity 45 cu. in. when closed Reservoir Capacity | 2 gal. 1 gol 
Weight 30 Ibs. Has 4" N.P.T. Port. _ - svontee’ oe 
Also available without reservoir for in- Weight 14 lbs oz. Has %° N.P.T. ween . : | — 
tegral mounting. port bushed to 4° N.P.T. e N port 


See Sweet's Product Designer's File 


YOU ARE INVITED TO WRITE FOR FULL FACTS — mentioning Blackhawk components in which 
you are specifically interested. Engineering counsel willingly furnished—in confidence. Blackhawk 
113, Milwaukee 1, Wis 


Mfg. Co., Hydraulic Control Division, Dept. p 
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HYDRAULIC CONTROLS 


Scores of critical designers and buyers recognize that Blackhawk hydraulics 
create exclusive advantages for the engineering, manufacturing, sale and service 
of their products. Blackhawk has specialized in this field for over 25 years. 






15 H.P. 6-PISTON WOBBLE- 
PLATE POWER-DRIVEN PUMP 


This modern pump — No. P-237 — offers over-all effi- 
ciencies above 90% — with no premium in price. Positive 
displacement makes a wide range of pressures and speeds 
practical. Delivers 3 G.P.M. at 1350 R.P.M. and 6000 
P.S.I. with only 11.65 H.P. input. Following are charac- 
teristics at maximum recommended speed and pressure for 
intermittent service. 























Speed R.P.M. G.P.M. Pressure H.P. 
__2200 47 4800 P.S.I. ) 27 15 
__ 70 3.9 6000 P.S.1. 15 





Weight — 40 ibs. 


5 H.P. TWIN-PISTON 
POWER-DRIVEN PUMP 


The positive-displacement P-104 pump 
is tamous for the amazing pertorm- 
ance it achieves with its low-cost 
design. Practical for pressures up to 
4000 P.S.1. in intermittent operation. 
At 900 R.P.M. it delivers 1.375 
G.P.M. at 4000 P.S.I. with 5 HP. 











input 

SPECIFICATIONS 
Recommended maximum pressures 4000 P.S.I 
for intermittent use > P.S.1. for continuous use, 
Capacity (at 900 R.P.M), 1.375 G.P.M 
Speed (at maximum pressure) minimum, 600 R.P.M Recom- 
mended, 900 R.P.M Maximum, 1200 R.P.M, (Maximum speed 
can be ex led with reduced pressure). 


y set 500 P.S.I, above working 





Blackhawk offers a long line of 
standardized hydraulic rams. Ex- 
clusive, leakproof designs. Special 
single or double-acting rams are 
produced on quantity orders. 


BLACKHAWK 
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VALVES 


“VALVBANK” POSITIVE-SEALING 
CONTROL SYSTEM 


The V-68 valve is an open-center, 
series-type precision-control valve. Hy- 
draulically balanced, it handles up to 
6000 P. S. I. working pressures with 
finger-tip actuation. Flow capacity u 
to 6 G.P.M. “Valvbanks” can be buil 
up in any combination of single and 
double-acting control units and in- 
clude a relief valve. It is spring- 
returned to the neutral “hold” posi- 
tion, providing “deadman control.” 
All ports are 2” standard pipe thread. 


SELECTOR -TYPE CONTROL VALVE 
The V-66 precision control valve is 
for use up to 4000 P.S.I. and 2.5 
G.P.M. Available in “bank’’ style like 
the V-28. Compact. Normally recom- 
mended for use with the P-104 power- 
driven pump. Handle remains in se- 
lected position until manually returned. 


Has % N.P.T. ports. 


SINGLE-ACTING POSITIVE CONTROL 
VALVE 


An open-center, spring-returned, sin- 
gile-acting control valve. Simple con- 
struction—low cost—rugged. The V-15 
includes a cushioned lowering device 
which also allows connection of valves 
in series for multiple ram control. For 
light return loads, the V-16 affords 
less restriction in returning oil, but 
can be used in the control of only one 
ram handling up to 2.5 G.P.M 
maximum flow and 4000 P.S.I. oper- 
ating pressure. All ports are % °° N.P.T 
bushed to 4"’ N.P.T. for use in sys- 
tem that has small volume. Weight 
—6 Ibs. 12 oz. 


AUXILIARY VALVES 
Blackhawk Valves are also available 
for remote release and relief purposes, 
adjustable throttling, manual shut-off 
and safety pressure-release. 


HYDRAULIC 
EQUIPPED 





An Emblem 
Representing 
Dependability 

Throughout 

industry 
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“stout 
heart’ 
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of any 
hydraulic 
circuit 


rq 3{@} 10): 


hydraulic 


Series ‘‘B’’ Hydraulic Series ‘‘QH"’ Hydraulic Series ‘‘O"’ Hydraulic 
Pumps... 3 sizes, for con- Pumps... 4 sizes, for con- Pumps... 4 sizes, for con- 
tinuous pressures up to 1000 tinuous pressures up to 1200 tinuous pressures up to 1000 
p.s.i. Deliveries from .4 to 1.5 p.s.i., intermittent to 1500. p.s.i. Deliveries ‘from 20 to 
g.p.m. at 1800 r.p.m. Deliveries from 3 to 12 g.p.m. 40 g.p.m. at 1200 r.p.m. 

ot 1200 r.p.m. 


GEROTOR MAY CORPORATION, BOX 86, BALTIMORE 3, MARYLAND 
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JUL = HIGH PRESSURE 
oe HYDRAULIC CYLINDERS 


PISTON RODS 
Prevent Scratch-Damage, 
Nicks and Rust 





SOLID STEEL HEADS, 
CAPS and MOUNTINGS 


i llaslitehicisiactel 4elel- 


DIRT WIPER SEALS Standard Leather Cup Seal As- 


Protect Rods, Seals, Bushings sembly Shown Is Interchange- 
able With Miller Standard Piston 
Ring Piston Assembly 


MET J.1.C. HYDRAULIC 
STANDARDS years before 
their adoption in 1949, 


WRITE FOR CYLINDER BULLETINS H-104 and A-105 
Complete Miller cylinder line includes: air cylinders, 
1¥," to 20” bores, 200 PSI operation; low pressure hy- 

: we - ‘ 
draulic cylinders, 1¥2" to 6 bores for 500 PSI epere SPACE-SAVING SQUARE 
tion, 8” to 14” bores for 250 PSI; high pressure hydraulic snip? - * 
cylinders, 1%" to 12” bores, 2000-3000 PS! operation. DESIGN originated by Miller in 
All mounting styles available. 1945. 





me MI 
SALES AND SERVICE FROM COAST TO COAST LLER MOTOR COMPANY 


CLEVELAND * YOUNGSTOWN « DAYTON « PITTSBURGH « PHILADELPHIA « r = ‘ } 
BOSTON « HARTFORD « NEW YORK CITY « BUFFALO « ST. PAUL * GRAND 
RAPIDS « DETROIT « FLINT * FORT WAYNE « SOUTH BEND « INDIANAPOLIS MAD 2002-04 N. Hawthorne Ave., Melrose Park, il. 
e MILWAUKEE « LOUISVILLE « KANSAS CITY « SEATTLE * LOS ANGELES « | pif 
es = 


SAN FRANCISCO « BALTIMORE « DENVER « ST. LOUIS « MOLINE « CHICAGO 
e HOUSTON « TORONTO, CANADA ond OTHER AREAS 


AIR & HYDRAULIC CYRINDERS «+ BOOSTERS +« ACCUMULATORS 
COUNTERBALANCE CYLINDERS 











FROM EXPERIENCE . Want peak 
quality packings—a complete line of 
hydraulic and pneumatic packings, 
both rubber and leather? You get 





tion of intensive research and experi- 
ence in the design and application of 
packings, PLUS technical data ac- 
quired through working hand - in - 





both of these from Houghton! But you 
get a lot more, too. You get the bene- 
fit of more than 40 years’ accumula- 


hand with thousands of customers, 
and the engineering aid you may 
need to solve specific problems. 


... and when it comes to specifying... you get the type you need 
aa 


Houghton rubber-impregnated VIM Leather Packings 
represent the latest advance in design and fabrica- 
tion. They are thoroughly impregnated with rubber, 
not merely surface-coated, and combine the best 
features of both leather and rubber .. . the strength 
and long life of leather and the non-porosity, heat 


resistance and resilience of rubber. 


—Houghton also supplies—and has for the past 40 years—a complete line of 
leather packings, impregnated with a variety of exclusive treatments to give best service 
against the hydraulic medium used. These, too, are engineered packings, guaranteed to 
last at least twice as long as any other packing when properly installed. 


—Houghton VIX-SYN 
Packings give top service. They are made 








from a variety of compounds of synthetic 
rubber, suited to the particular operating 
requirements. These packings are 
supplied in both homogeneous and 
fabricated types, to cover operat- 

ing temperatures from minus 


65° F. to 300° F. 
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The Shape You Need... 





are available for application at any pressure. You get 
all your hydraulic packing needs quickly, easily, 


surely. 











or 


Now Houghton has the answer to 
“Hydraulic Fluid Fires’. HOUGHTO- 
SAFE is a new product—the first 
ever offered that combines maximum 
fire resistance with top Hydraulic 
Efficiency. It won’t burn . . . won’t 
explode .. . WILL maintain highly 
efficient performance. The result 


. . . products of 


Product Engineering — 1954 Annual Handbook 





In either VIM or VIX-SYN packings you can get exactly 
the shape and size you need. Cup, flange, “U"’ and 
“V"' types, flat washers, ‘“‘O”’ rings, discs and gaskets 


Plus Handy Helps 
The Houghton Man has the technical aid you may need as well 
as quick access to Houghton’s engineering and research 
departments. Chances are, however, that you can find 
the answer to problems troubling you in ‘Packing 
Standards’’—the Houghton book accepted as the 
standard by all industry. It may be obtained from 
your Houghton Man, or will be mailed on request 
—without cost or obligation. Houghton’s com- 
prehensive handbooks on Leather and Syn- 






Ready to give you on-the-job service . . . 








ee 
U-type 


thetic Rubber Packings are now being re- 

printed . . . will be available again soon. 

E. F. Houghton & Co., 303 W. Lehigh 
Avenue, Philadelphia 33, Pa. 


of more than 5 years’ research, 


HOUGHTO-SAFE has been inten- 
sively tested for fire hazard by FAC- 
TORY MUTUAL LABORATORIES, 
and is reported as ‘“‘an acceptable 
hydraulic fluid from the fire hazard 
standpoint’. Ask your Houghton Man 


about HOUGHTO-SAFE. 





ANG|HOR 


Office and Factory—Church & 4th Streets, Libertyville, Ill., Dept. PDH-53 


The Anchor line is the most complete line available. There 
are hose assemblies and related fittings for practically every 


ASSEMBLED HYDRAULIC HOSE UNITS...HIGH PRESSURE 


COUPLING CO. 


Manufacturers of Industrial Hose Couplings & Fittings 
Fabricators of Coupled Hydraulic Flexible Hose Assemblies 





INC. 


> Factory Branch—2100 Irving Bivd., Dallas, Texas 


need. Some of them are shown here. Just write if you need 
additional information to solve your piping problems. 


Milled Mex, Steel, Sleeve-Type Couplings 
— Plated Style C, Two Wire Braid Hose 





—— 
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Max. 
Approx. Recom- Min. 
wurst mended Whg. 
The. A 6B &€ DE F GCG Hi 3s Pres. Working Bend. 
Sue PSI Si Radiws 
Wwh & Mh he Kh Mw Se % % 18,000 4,500 4 
Hnwke “ws MI & % @ ™% HN 18,000 4,500 a 
uv "ke '”A 2% le %& % BM Me He 18,000 4500 4 
ly “Yu “A Ay 2” '% wy Ay ND 'N "Ne 18,000 4,500 a 
“%* ks Mele HH Ww ™ Ff 1 14,000 3,500 5 
‘ % % “i %% Mele KH w % kK 1 14,000 3,500 5 
- uM Ye % 2% 1% HH M% le 1 1% 12,000 3,000 ? 
“ . , 8C-6MS % % "YS “ 2% Pe % MW Ile 1 % 12, 3,000 7 
Shown here is a cutaway section of Anchor's Cams 8, Me We Me le he 1M 1 1% 12,000 3000 7? 

j ; j - A146 % We % We Me KH & Ihe 1% 12; 3,000 7 
exclusive Ductile Sleeve Coupling. pe ap- lems mee ee ee 2 ie in it nee tee om 
mene peony mary 2 ay ine Sees 12¢-16MS f "a 1% 1% Vi ‘te 1% 1% 1 9 000 2.250 4 

inst leaks or biow-oll. s ; "e % ‘Ae i ¥ 
st ban te mles / say + me uueins estan 16C-20MS 1% 1 % 1% 3% lh Se “He Me le Ihe 7500 1875 | OM 
superior grip Pp P g . “Swivel Female Meets J.1.C. Specifications 
MEDIUM and LOW PRESSURE ASSEMBLIES tress tex-type couptings 
ee ee Couea pag =< —-— FE — . ss ; = —7 
iS i ee Tet a 
WY) Rhy} fe tt = See YT 
Lor] nse me et ~ —— 
Mas 
Catevog Aporos Me 
Ro rst minded weg 
rabed Thread ' Prey Work Bend Mas 
¥. MB 7 = ae ane Hd Sa a hoa hod — Approx. Recom- Min 
ee ee bP ie 74 | urst. mended Wig 
ao. me 4 Cee Rinn Rime & 1000 2 Son ‘ Catalog mA SE. ¢€¢ awe Fs Pres. Working Bend 
a | < io *& Fh le % ie 10 000 + 900 ‘ No. ize PS! PSI Radiws 
4 - “ , * ie * it) MN 10 000 2300 ‘ 
ome NM Remick ink wim nk tooo F000 : AMHR- 4MB 1% % M% %e %% YW MI He % 5,000 1,250 3 
oS. ome y Me ie he lite te te De § 000 2.000 5 6MHR-6MB % % % Mh %Y MK le alee HM 4500 1,125 4 
oa OS te Me ie Me ie te het Toon ise ; 6MHR- 8MB % % % % hh ‘he % lim PY like "Me 4500 1,125 é 
of. ome ” te me lie ey le we Me te 7-000 1750 ? SMHR- 8MB % Y% ‘He he le Ns He De 2% 11 4,000 1,000 5 
wim VRimeize § @ } i eo i 12MHR-12MB % M% 1% “hele % He Me 2a ll 3,000 750 6 
is s Lo. ie Pcie Beh ok ie ie Som Lae HA **1IEMHR-16MS 1 3 1% 1) IR He He The 21% 1% 2250 «5508 
of 2oms iN 14 Ihe Ihe 200 ie te ee ae 200 ‘Ss rie **Steel Couplings. 
1208 Dems ik i” 1% ™& Mele Ih» & I ™™ ih 2 000 00 i) 
Steet Seeveters Cowphags 
“Stee! Male Type Coupling Meets ) | C Specificatoms 








Fam A" renee mee reap 
Female x Female ff 435 
Adapter Unions \ My 
| el ‘| 
reo 
o- mr 
a Net Wt 
Catalog A 8 c 0 € fF «Lbs. Per 
No 100 Pes. 
2-205 %&% w% % % % % % 5 
2F-4UFS Ye we As he he Se 1% 
4F-4UFS % eM he he he Me IH 
6F- 6UFS % % Ne "Ne %e he XH 12 
8F- 4UFS 4 he 1%, % 1% 18 
SF. 8UFS % % 1 1 Me Tha 1% 19 
12F-12UFS % % Kh YK ™® + 1% 33 
16F-16UFS 1 1 1% 1% % Ie % 47 
20F-20UFS 1% 1% Ih Ih De le 1% 73 
24F-24UFS 1% 1% 2% 2% 1% lv 1% 94 
32F-32UFS 2 4 % Mm lh Hh 2 135 


Anchor tees, 90°, 45°, and'‘straight adapter unions are all ma- 
chined from solid steel bar stock. Plating prevents rusting. 
Ground joints provide a leakproof connection. Use Anchor 
adapter unions to minimize the number of pipe thread joints and 
make assembly, especially in confined spaces, faster and easier. 
Sizes and Types for every need. 


RELATED FITTINGS —perroucmme [Ge'- 


Male x Female 
Adapter Unions 


A C= BOOY MER. — L 
~- —o —| 2° mall NETS THOS 

Net = 

0 E&€ F G AL Lbs. Per 

= * os 100 Pes. 
2M-2U0kS %& % % % % ‘ee Kh 4 
aM- 4UFS “% MY As As “he Me He 1K ll 
4aM-6UFS “% % He He “he Me He 1% ll 
6M- 4UFS % "Ye "Yo "ha Ke He 1% 12 
6M- 6UFS % % "He "He ha Me He 1% 13 
emM-8uFS % %* 1 1 %, % Ye 1% 20 
12M-12UFS %& % 1% 1K "“ K% A 1% 33 
16M-16UFS 1} 1 1% 1% % %e A Lh 43 
20M-20UFS 1% 1% 1% lh Ie “ee & 2 83 
24M-24UFS 1% 1% 2% 2% I% “he % 2a 104 
32M-32UFS 2 2 2% 2% 1% te % He M3 


PIPE FITTINGS 
Anchor plated pipe fittings come in a wide variety of types and 
sizes too. They. are machined from solid steel bar stock to elimi- 
nate porosity. Parts are copper brazed to provide for maximum 
working pressure of 3000 PSI. Dryseal American Standard pipe 
threads. 
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@ A 32-page booklet presenting a discussion of basic @ A 24-page booklet presenting the “Do's,” “Don'ts” 
designs in fluid power circuits together with and “What to Look For" in the installation 
drawings as a guide to more effective application. and maintenance of air and hydraulic equipment. 


LOGAN MANUFACTURES 6.975 STANDARD CATALOGED ITEMS 
FREE CATALOG ON REQUEST! 





@ Air Control Valves @ Collet Grip Tube Fittings 
Catalog 100-4 Cateleg 44 FILL OUT AND MAIL couPON! 
@ Air Chucks @ Hydraulic Control Valves i z 
Catalog 70-1 Catalog 200-4 , Logansport Machine Co., Inc. 
812 Center Ave., Logensport, indiona 
@ Air Cylinders @ Hydraulic Cylinders | 
Catalog 100-1 Catalog 200-2; Also 200-3 1 Please send me (specify number of copies wanted) 
@ Air and Hydraulic Presses @ Hydraulic Power Units 1 copies of “‘Circult Rider’’ Manuel 
Catalog 51 Catalog 200-1 1 copies of “Facts of Life’’ Menuel 
@ Sure-Flow Coolant Pumps | 
Catalog 62 , NAME TITLE 
1 company 
LET LOGAN ENGINEERS HELP YOU DESIGN | 
YOUR AIR AND HYDRAULIC CIRCUITS i ADDRESS 
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The Bruning Company, Lincoln, Nebraska 


Hydraulic & Pneumatic. (Basic design In accordance 
with AN-6249 —— MIL Spec V-5524A. —- Male tube 
fittings in accordance with AND-10056 -- Female tit- 
tings in accordance with N.P.S.F. standards) 


Up to 1" tube or hose capacity 


OUTSTANDING 
FEATURES 1. Design exceeds functional requirements of present 
industry standards 

2. Pressure drop 's extremely low 

3, Crack pressure Is unusually low & crisp in action 

4. Check and sealing action Is unusually fast, positive 
& free of chatter 

5. The inherent functional characteristics of the 
Bruning ‘* shock & impact resistant” valve 
design guarantees maximum service life 

Excellent - usually from stock 


DELIVERY 
PRICES 


Extremely competitive 








OUTSTANDING 
FEATURES 





The Bruning Company, - 


Hydraulic & Pne 
**off the shelt’’ combing 


Up to 1"” hose capacity 


OUTST ANDING 


FEATURES 1. Quick-Simple & 


2 Leakproot (guata 
3, Extremely low pr 
4. High working pres 
5, Easily coupled 

. Simple & positive © 


Excellent - usually 


Extremely competitive 
Lf 


incoln, Nebraska 


ymatic - Self Sealing of O 
tions & sizes to choos 


Positive coupling 
nteed) Valve 


‘from stock” 


The Bruning Company, Lincoln, Nebraska 


Hydraulic & Pneu 
Ram Style umatic — Single Action, Double Action, or | 


ne ~" | 
Sionet 1 1/2" to 4", Rod diameters — 3/4" to 1 1/2", Ram 
meters ~ 1 1/2°' to 3” (Stroke & Mountings as dB he 


} 


1. Exceptionally “clean” 
throwghout design and high quality standards | 
: a “fon the job’’ performance record 
s coger versatile basic design permits unusua 
- e — of “customer specials.”’ (‘‘Too oon - 
ates & time delays on pilot models or short run req 
ments are virtually eliminated) rea 
; a pressures to 3,000 psi 
. reamlined’’ design and prod 
production meth ure com 
plete interchangeability — maximum ey bre ad 
minimum production costs ; secede 


Excellent - | 
t — Usually 10 days to 2 weeks on initial requirement 


QUICH-DISCONNECT COUPLERS 


Extremely competitive 





pen Flow (Over 100 
e from) 


and uncoupling 
ea\ design 











Compa “Hy 


NCOLN, NEBRASKA 


























. +. for the best solution to your 


CORROSION-RESISTANT 
PIPING PROBLEMS 








I RI-CLOVER offers 32 years of specialized 
experience in solving sanitary and industrial 


corrosion-resistant piping problems. Skilled 


craftsmen and engirieers in four completely 
equipped plants have made the name Tri- 
Clover on stainless steel and alloy fittings, 


valves, pumps, and specialties signify unex- 


celled performance. 


Your selection of the right fitting, valve, 
pump, tubing or pipe for the right job is made 
easier by Tri-Clover’s complete production 
and engineering facilities. Benefit from this 
fact. For here is one dependable source ... 
one responsibility for your sanitary and indus- 


trial piping problems. 


Our experienced engineering service is at 
your disposal to help solve your specific coz- 


rosion-resistant piping problems. 


Remember to specify Tri-Clover. 


MACHINE CO. 


Kenosha, 


TRIALLOY AND STAINLESS STEEL FABRICATED STAINLESS STEFE 
SANITARY FITTINGS VaLvES INDUSTRIAL FIT Tite aw 
PUMPS. TUBING. SPEC ActiE I INDUSTRIAL PUMPS 


1-152 


® 

Ee 
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=a! gis! 
@ + 
2 5G 
oe | 
Ea 


Product Engineering — 1954 Annual Handbook Joa 





How Greer Accumulators Improve Performance 
Reduce Size and Cost of Hydraulic Equipmen 


Ingenious Power Package Lets Small Motors Do the Work of Big Ones 


THE GREER HYDRO-PNEUMATIC ACCUMULATOR, 
with its unmatched ability to store tre- 
mendous energy in small space and 
release it instantly as needed, resu!ted 
in better performance, higher effi- 
ciency, and greater economy for the 
machines shown on this page. Read the 
captions under photos for details. 
You're probably planning a new prod- 
uct .. . or how to make a present one 
better, stronger, at lower cost. Now is 
the time to call or write Greer hydrau- 
lic engineers for recommendations and 
technical advice without obligation. 





= Os= 
Qo” 
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Main power source for huge hydraulic press 
comes from Greer accumulators. Power- 


Fluid dispenser function of the Greer accu- 
mulator protects high-speed bearings and 





f 
J 
| 


ryi oy af afe) 
ST nLSLSip 





ful push required for inserting valves in 
cylinder block of car engines is stored in 
accumulators by motor and pump, and 
then is released by merely operating valve. 





Shock absorber action of Greer accumulator 
insures smooth operation of honing machine by 
dampening shocks caused by honing spindles 
reversing directions. The improved performance 
means less maintenance and long service life. 





Maintaining hydraulic line pressures for giant flash 
welder is accomplished with Greer accumulators 
190,000 Ibs 
pilot system, and positive clamp action for weld- 
ing process comes from only six accumulators. 


upset pressure, oil pressure for 





ACCUMULATORS 











U. 8S. Patents Under Olaer Licenses 


The Greer Accumulator can func- 
tion as a 1) pressure storage 
chamber, 2) pressure volume 
compensator, 3) fluid dis 
penser, 4) transfer barrier, 
5) shock absorber, 6) pump 
pulsation damper. Available 
in capacities of 2 cu. ins. to 10 
gallons for temperatures from 

65° to *+180° fahrenheit 
Easily installed at low cost. 


Write for Brochure 301 for 
complete data and diagrams. 







shaft of 5000 hp dynamometer used to test 
turbo-jet engines. Manifolded accumula- 
tor, with direct lines to each lubrication 
point, supplies needed oil under pressure. 





- L3 


Auxiliary and emergency power from the Greer 
accumulator energizes follower on template of 
hydraulic lathe making jet engine shafts. In 
case of electric failure, the accumulator stores 
sufficient power to draw tool away immediately. 





Smaller motorpump and Greer accumulators give 
enough power for this trimming and forming 
machine. Cut cost $600, reduced weight 400 Ibs., 
saved 50% motorpump floor space. Simplified 
circuit has fewer fittings for less maintenance. 


GREER HYDRAULICS INC. ¢ 454 EIGHTEENTH STREET * BROOKLYN 15, NEW YORK 


Field Offices: 1908 W. Cermak Road, Chicago ¢ 25 S. Main Street, Dayton ¢ 2832 E. Grand Boulevard, Detroit ¢ and representatives in all principal cities. 


Jes 
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A COMPLETE 


LINE 


wate 


ALL STANDARD SIZES 
Complete line of standard sizes 
from 12” to 8” in both air and 
hydraulic . . . Stroke lengths up to 
18 feet. Milled wrench flats. . 
metal rod scraper .. . heavy duty, 
high tensile chrome plated piston 
rod — standard on all sizes and 
types. Standard pressures to 500 
psi air— 750 psi and 1500 psi 
hydraulic. 


ALL MOUNTING STYLES 
Every standard mounting style is 
available in the CARTER line, in 


addition to rod clevis and eye in 
al! bores. 


TRUNNION MOUNT @ FRONT FLANGE MOUNT 
REAR FLANGE MOUNT @ PIVOT MOUNT 
FOOT MOUNT @ CLEVIS MOUNT 


Gib Gb} fk Bo 
ff De Bed p 
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Here is the newest, most efficient, best performing cylinder in America 
today! Here is a cylinder that makes any product more dependable, berger 
in performance, and easier and cheaper to maintain. This is because the 
CARTER line is away ahead of its time in design and construction — Cast 
steel mounts are standard . . . internal locking key for strength, simplicity 


and easy disassembly . . . full 360° rotation of pipe ports . . . minimum 


space requirements . . . full 10 to 1 safety factor no tie rods, no bolts 


. unitized cartridge type rod bearing . . . leakproof ‘‘O”’ ring seal . . 
self adjusting packing, and many other features that designers have been 


seeking for many years. 


No matter what your application there is a CARTER cylinder to fit 
your product. Check with CARTER today for the industry's latest, most 
advanced line of O.E.M. cylinders! 


} AIR @ NEW 


Send for your copy of the complete 
CARTER Air Cylinder Bulletin POWER CONTROL 
No. 100 for information on parts, PACKAGE 


prices, dimensions, 
specifications, mount- 
ing styles and con- 


struction. 
sensitive, positive operation 


HYDRAULIC ; 
of cylinder. Write for full 


Free bulletins on both the CARTER details. 
750 psi series and the 1500 psi 
hydraulic series. Contain all 
essential ordering in- 
formation. Write for 
Bulletin 750 (750 psi 
series) or Bulletin 
1500 (1500 psi 
series) or both. 


New air cylinder with built- 
in valve. Offers completely 
unitized control for simplified 
piping and more accurote, 












2800 Bernice Road -e Lansing, Illinois ©¢ Phone 1305 
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SINGLE 
ACTING 


HYDRAULIC 
CYLINDERS 


Piston Style 
@ 72 to 4,” Dia. 
Bore 









































6” to 96" Stroke 


Optienal 
mountings 





Piston Style 
e Flow Control 
Vaive in 
Base 
- Hinge Mount 
42" to 8” Bore 
24” to 156” 
Stroke 


e Displacement 
Style Cylinder 
Optional Mount- 
e ings 
2'4”" to 7” Rod 
Dia 
For—Rods from 


2%" te 4” Dia, 
@ Strokes to 96” 
(8 ft.) 
Rods from 4," 
. to 7” Dia 
Strokes to 144” 
(12 ft.) 








. 
7 
. 
r 
© 7 . . eo 
s 
Displacement 
Style Tele- 
® seopie Cylinder 
3” to 6” Rod 
s Size Com- 
binations 
Strokes up to 
° 120” Rod Size 
Combinations 
e Permitting 








HYDRAULIC 
CYLINDERS 


Custom built for O. E. M. 
Products, Processing Equip- 
ment, Special Applications 


Rugged, close-tolerance BHEW cylinders are built on order 
to special or semi-standard designs and applications. Avail- 
able for 1,500 psi and 3,000 psi operating pressures in sizes 
from 112” to 8” bore and up to 156” stroke. Available in 
ANY mounting style! 


FEATURES INCLUDE: e Smallest possible O. D. and 
retracted O. A. length. @ Honed barrels. @ Hard 
chrome-plated rods available. @ U-Cup style pistons 
(ring style available). @ V-Pack spring-loaded rod 
glands. @ High temperature packing. 


Pneumatic cylinders up to 150 psi, and water to 
3,000 psi working pressure available to fit special 
applications. 


NOTE: Bore dias. and strokes given show extreme sizes; 
does not imply that mountings shown are necessarily struc- 
turally desirable for extreme bore ys stroke conditions. 


BIHIE|W “pressure operated” 
Hydraulic Control Valves 


Pressure equalizing 
spring 


Positive sealing 
V-packing 


Spring loaded gland 
packing, no adjustment 
required 


Ball check, allowing 
full volume when 
raising load 

Full volume at zero 
pressure 


Full volume for 
free-hook travel 


In-line porting 
Graduated groove 
allows infinitely 


variable speeds 
— in descent 





Primarily designed for safe material handling by lift trucks 
and other elevating equipment. “Pressure operated” valve 


automatically controls heavy-load descent, eliminates surge, 


allows full raising speed and empty-fork travel. Three 
models: A-2656 for 34” NPT, A-2890 for 42” NPT, A-2064 
for 34” NPT. Can also be applied for volume of discharge 
in relation to inlet psi. 


Write for data and illustrated literature 


BENTON HARBOR 
ENGINEERING WORKS, INC. 


BENTON HARBOR, MICHIGAN 




















and Strokes Optional (Econ 


DOUBLE 
ACTING 
HYDRAULIC 
CYLINDERS 





Piston Style 
1%” te 8 Dia 


Bore 
ive” te 12 ft 
Str 


Optional e 
Mountings 


Piston Style 
Trunion Mount 
i" te 8 Bore 


Piston Style ae 
Fiange Mount 
1'9” te 8” Bore e 


Piston Style 
Ball Socket 
Mount 

For Steering 
Booster bd 


s 
- 

Piston Style 
Clevis Mount ©@ 

i'@” to 8” Bore 
s 

7 ° e . e 

o 


Piston Style ° 


Hinge Mount 
Both Ends 
1'4” to 8” Bore @ 
. 
. * . aa a 
” 
- 
Piston Style 
Hinge-Pin - 
Head 
Clevis Rod Ene 
1'4” te 8 bore @ 





0” 
Piston 
Style—Snap 
ing 
Construction 
Dia Mountings 


Ring 


omy Cylinder) 
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Rivett Hydraulic 
Cylinder Catalog 
Section 106 — 


Details: Cushioned and non- 
cushioned, standard rod and 
2:1 over-size rod, single and 
double end rod, internal and 
external threads, all! stand- 
ard mountings in 2” to 10” 
bores. Offered for 1500 
P.S.1. 3000 P.S.1. available. 


Rivet? Hydraulic Valve 

Catalog Section 204 — 

Details: 4-way, 3-way, pilot, and 
remote valves in 6 types of opera- 
tion, 4 types of action, 7 sizes, 5 
piston designs. Offered for 1500 
P.S.1. 3000 P.S.l. in most models. 


Rivett Hydravlic 
Power Unit Catalog 
Section 400 — 
Details: Single, double 
and combination pump 
types. Single —.4 G.P.M. 
to 40 G.P.M. at 1000 
P.S.1. Double 3.8 
G.P.M. to 48 G.P.M. at 
1000 P.S.i. 





The sweetest story ever told— 


on AIR and 


These five books, totaling 68 pages, are jam-packed 
with all the important and necessary data required 
to lay out successful air and hydraulic circuits. Over 
400 Rivett models, in a variety of sizes, are detailed 
— every standard air and hydraulic component of- 
fered in the industry. Description of each model in- 
cludes working drawings, specifications, and cut- 
away views. All data pertaining to each model is 
shown on one page to facilitate layout. Easy to use, 
complete in information, these Rivett catalogs are a 
must on every board. Write to Rivett Lathe & 
Grinder, Inc., Brighton 35, Boston, Mass. 


439 standard Rivett models described! 


—All the necessary components for any efficient circuit. 


Rivett Air Cylinder Cetaiog 
Section 55— 

Details: Cushioned and non-cushioned, 
single and double end rods, internal and 
external threads, 7 standard mountings 
in 1¥%4" to 12” bores. Offered for 150 
P.S.1. air and 300 P.S.1. oil services. 





HYDRAULIC POWER: 


Rivett Lathe & Grinder, Inc., Dept. PEH!0, Brighton 35, Boston, Mass. Please send Rivett Air Valve 
me: () Hydro Cylinder Catalog 106 1 Hydro Valve 204 draulic Cataleg Section 
Power Unit Cotalog 4 Air Cylinder Catalog 55 Air V , 303 303— 





Details: 4-way ond 3- 
way, pilot and remote 
volves in 5 types of 
operation ond in 5 
sizes. Offered for 150 
P.S.1. service 


Ad s 





furnishes a complete power package 


VALVES © CYLINDERS © POWER UNITS 


Air and Hydraulic 
All sizes and types 
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CUP PACKINGS 


Made of leather or rubber. Installed on 
piston head or backing plate. Sealing lip 
and outer side wall form dynamic seal on 
cylinder wall. Follower plate forms com- 
pression seal on bottom of cup. Expanders 
adaptable when needed. 





V-PACKINGS 


Made of leather or rubber. A complete 
mechanical seal, preferably installed in sets 
in a recess on cylinder wall or piston head 
Sealing areas or “stack height’’ (the area 
at ends of inside and outside legs) form 
dynamic seal inside and outside. Male 
and female adapter rings required, metal 
preferred. No expanders are needed but 
spring tension is sometimes employed 


—__\\ 7ree PACKINGS CATALOG 


=) 
cg 


G&K 


Jes 





and Manual contains 60 pages of up-to-date dato 
on packings shown above, including JiIC-opproved 
and recommended standards, design and application 
Ask for Catalog 201-A 


‘ 
GRATON 2 KNIGHT COMPANY 


There’s a right packings for every installation. Choose the right one 
and promote long, trouble-free service. Select the wrong one and 





suffer production delays, costly servicing, loss of good will. 


your installation. 


Bring your packings needs to GasK-INTERNATIONAL, the pack- 
ings specialists — where the entire plant and personnel are devoted 
solely to the design, engineering and manufacture of packings. 
these experts apply their years of experience, their acquired skills, 
their modern equipment in helping you choose the right packings for 


Let 


Illustrated and described below are the types available. 


i. 


FLANGE PACKINGS 


Made of leather or rubber. Installed in 
recess around a rotating or reciprocating 
shaft. Sealing lips and inner side wall 
form dynamic seal on shaft. Gland nose 
forms compression seal on flange. Expand- 
ers adaptable when needed. 





O-RINGS 


Made of rubber. 


Self-sealing from either 
direction. Excellent for pressures under 
1500 psi; used with pressures up to 3000 
psi when engineered properly. Installed 
in a small recess in wall or piston head; 
also as a static seal. High finish and exact 
fits required for all parts that contact an 
O-Ring Packing. 


él aS 





U-PACKINGS 
Made of leather or rubber. A completely 
mechanical seal installed in recess on cylin- 
der wall or piston head. Sealing lips and 
side walls form dynamic seal inside and 
outside. Pedestal ring or filler required 
for best service. Expanders also adapta- 


ble when needed. 





ad 


OIL SEALS 


Made of leather or rubber, usually in- 
corporating a metal case or supporting 
ring. Installed around a rotating or re- 
ciprocating shaft to retain or exclude fluids, 
semi-fluids, dust, dirt, etc. Provides sin- 
gle and multiple sealing lips. Oil Seals 
are generally made to exact specifications 
to meet specific requirements. 





Also 





G&K-INTERNATIONAL also makes many special forms 
such as GASKETS, BELLOWS, DIAPHRAGMS, SPECIAL 
SEALING RINGS, etc. of leather or rubber, and pro- 
duced to meet customer's requirements. 


able: crimps, waterwell cups, valve leathers, etc. 


SPECIAL PACKINGS TYPES 


Also avail- 








Established 1851 


Worcester 4, Massachusetts 


INTERNATIONAL PAC\WINGS CORPORATION 
Graton & Knight Company Affiliate 


Bristol, New Hampshire 


INTERNATIONAL PACKINGS 


Leather and Synthetic Rubber 
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for your 
applications 











Eastern’s line of hydraulic pumps 


and fluid motors are designed with one 


objective in mind: fo supply an economi- HYDRAULIC PUMPS 
cal, reliable and compact unit for the FLUID MOTORS 


heart of your hydraulic mechanism. 
You will find a combination of exclu- 
sive features in Eastern products which will 


make your selection a confident one. 


Send for Eastern’s brand new Hydraulic 
Catalog A-800. Contains valuable en- 
gineering diagrams and information. 








G4 INDUSTRIES INCORPORATED 


296 Elm Street, New Haven, Conn. 
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Write today for 
Catalog 51SR-1 
for complete 
information 


The most important factor 
about any rubber part is 
its ability to do the job for 
which it is intended. 

While the slingshot requires 
stretch only, industrial 
rubber parts must have 
resistance to oils, chemicals, 
weather, temperature ex- 
tremes or combinations of 
these deteriorating factors. 


STALWART engineers have 
the experience and 
facilities to compound stocks 
and fabricate rubber parts 
which will serve your 
needs best. From more than 
500 different rubber 

stocks at their disposal 

they can mold, extrude, 
die-cut, lathe-cut or 
mandrel-build shapes to 
meet individual, S.A.E. or 
A.S.T.M. specifications. 
These parts will retain their 
desirable physical, 
chemical and dielectric 
properties under severe 
operating conditions and 
give optimum performance 
in each application. 
Specify STALWART rubber 
parts for that one essential 
quality .. . the ability 

to do a job .. . best. 


1062-SR 


OTALWART RUBBER COMPANY 


200 Northfield Road 





Bedford, Ohio 








Catalogs 


and 


9 


Bulletins 





Request additional information using 
postcards following page 24 


(V-1) INDUSTRIAL PUMPS 


Deming Co., Catalog I-52, 96 pp. In- 
cludes sectional and exterior views of 
the various types of units, together with 
selection tables and other data. Among 
the types discussed are standard models 
of centrifugal pumps including single 
and two ball bearing, side suction types, 
motor-mount types, portable types, self 
priming centrifugal pumps, high pres 
sure- vertical centrifugal pumps, and 


split case centrifugal pumps 


(V-2) SOLENOID VALVES 


matic Switch Co., Catalog 24, 80 pp 
Has general information and instruc 
tions for valve selection; flow charts 
for full area valves handling water, air 
gases, and steam. Also, sections on 
manual reset, and no voltage release 
valves; packless solenoid valves; packed 
valves; packless, midget and small 
sizes; three-way packless; 2 and 3-way 
pilot operated; 4-way packless, sleeve 
type, pilot controlled diaphragm oper 
ated valve. Has illustrations and en 


gineering data on all valves 


(V-3) IDEA BOOK 
Mfg. Co., Booklet 352, 64 pp 


lustrates a collection of new applica 
tions of hydraulic tools and hand tools 
in production, ma'ntenance, construc 
tion, laboratory and other fields. Tools 
included are jacks, pipe benders, knock 
out punche S, pumps, and torque indica 


tors 


(V-4) AIR POWER COMPONENTS 
Catalog, 56 
pp. With illustrations, it describes the 


Mead Specialties Co., 


complete line of single and double 
acting air cylinders, and air operated 
presses, vises, chucks, valves, hammers 


and work feeders 


(V-S) AIR OPERATED DEVICES 

Mead Specialties Co., Catalog, 52 pp 
Describes and illustrates all sizes of 
horizontal and vertical thrust air cylin- 
ders up to a 3 in. stroke, 6 in. bore, and 
a 28 power factor. Other devices dis 
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operating pressures up to 1500 p.s.i. 


FOR COMPLETE DETAILS ASK FOR YOUR COPY OF CATALOG H-7 





pad mounting flange mounting flange mounting flange mounting 4 wide flange 





commonly used on | 4%” 0.D.—2.834 5” 0.D.—3.148 ?Vm"" square 2.999’ mounting smaller “C"’ series and 
indirect drives L.D.—8 thru holes | L.D.—6 thru holes L.D.—4 thru holes 8%2°° spacing larger “J” series pumps 
wy” dia %e"’ dia %e"’ dia., 5’’ B.C 


THE COMPLETE LINE OF 


FLUID POWER 
CONTROLS 


HYORADLIC 


FOR HEAVY DUTY MOBILE EQUIPMENT 



















SECOND PRINTING 


et 
PUMPS - MOTORS 


D” series gear pumps— 
discharge 5.5 to 36 g.p.m 


D” series gear motors 





output 5.8 to 15.5 h.p 











and motors are available 








Ol HYDRAULIC 








— 





single acting heavy duty cylinders 
rod plunger construction—capacity 
up to 2% tons, sleeve plunger con 
struction—capacity to 24 tons 
five types of mountings available 


= 


CYLINDERS 




























—k== 





tandem valves 
top or side inlet ports 
top, end or bottom outlet ports 
any type section furnished in 
any combination of sections 

















ade 
telescopic heavy duty cylinders 
double acting heavy duty cylinders multiple sleeve construction—low , 
capacity push stroke 1% to 28 tons shut height with stroke up to 84 special cylinders designed 
capacity pull stroke 1 to 25 tons plain or pineye mountings—capa to operate at higher 
six types of mountings available ity push stroke up to 18 tons pressures can be furnished 
4 2/4" teow 1) beer 
control types 
single. double or 
a double with float positior 
Spoo! action 
spring return, poppet 
: Jetents or combination 
v ves can be fur hed 
¥%," tandem valves V4" unit valves - + alin 
top or side inlet ports top or side inlet ports . . “ 
top, end or bottom outlet ports top—end—bottom outlet built-in relet valve 
any type section furnished in any type control or spool 
any combination of sections action as required 





















U7 YOUNGSTOWN, OHIO 
“COMMERCIAL” CCA, 


THE COMMERCIAL SHEARING AND STAMPING COMPANY SALT LAKE CITY, UTAH 














































cussed are air presses, collet fixtures, 
work feeders, impact hammers, various 
types of valves, air vise, air line ac- 
cessories, and work feeders. Each com- 
ponent is well illustrated, and con- 
tains complete specifications. 


(V-6) SEMI-PORTABLE COMPRES- 
SORS—Clarke Bros. Co., Bulletin 124, 
50 pp. Discusses the midget angle gas 
engine-driven compressor in models of 
2, 4, 6, and 8 cylinders, and brake 
horsepower of 80 to 330. Contains 


MANUFACTURIN G ; many colored illustrations of each unit 


with two large cut-away drawings ex- 


plaining the balancing and the lubri 
PETROLEUM, MARINE ano cating systems. Several pages are de 
voted to specifications and horsepower 


PROCESS INDUSTRIES <i 


(V-7) GLOBE, ANGLE, CHECK 
AND FEED-LINE VALVES—Edward 
Valves, Inc., Catalog 12-c, 50 pp. Com 


MODELS FROM 3/4 TO 300 G.P.M.—CAPACITIES TO 1000 PS. plete information on globe, angle, and 
Xia one check valves for hand or motor control 


SPEEDS UP TO 1800 R.P.M. FOR PUMPING CLEAN LIQUIDS =f of volume are also described. Also has 
2 information on material specifications, 

preparation of welding ends, pressure 

temperature ratings and other data 





SERIES F 


Four-port design offers 8 optional 
piping arrangements. Equal size 
helical gears run in axial hydraulic 
balance. Standard or bronze fitted; 
packed box or mechanical seal. 
Up to 300 P.S.1.—1 to 300 G.P.M. 
for clean liquids. 





(V-8) VALVES—Republic Mfg. Co 
Catalog 352 A, 44 pp. Lists: needle, 
globe, plug, check, relief, and special 
valves, plus gage protectors and snub 
bers, bleeders, and AN vacuum control 
valves. Units are made of various met 
als and are suitable for instrumentation, 
SERIES H is air-craft, processing industries, and. hy 
Widely used for hydraulic mech- Jy draulic systems. Details of construction 


anisms and other applications are shown, plus complete specifications 
where high pressures are required. 


Spur gears provide high volumetric 


efficiency. Packed box or mechan- (V-9) INDUSTRIAL SPRAY NOZ- 








ae 23 
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3 ical seal. Pressures to 1000 P.S.1. } 3 ZLES—Binks Mfg. Co., Bulletin 5200, 
4 -5 to 75 G.P.M. sizes. ae 40 pp. Detailed account of industrial 


spray nozzles for a range of commercial 
and industrial processes. Data includes 
nozzle dimensions, capacities, and 
spray angles. All nozzles are illustrated, 
and cutaway drawings show construc- 
tion and operation. Installation details 
also given 


















SERIES K 


For hydraulic service, fuel transfer 
or fuel supply. Features helicai 
gears and exclusive Venturi suc- 
tion and discharge principle in 10 
through 50 G.P.M. sizes. Packed 
box or mechanical seal. 150 P.S.I. wee 
— 3/4 to 50 G.P.M. (V-10) INDUSTRIAL & AIRCRAF 1 
VALVES—Republic Mfg. Co., Cata 
log, 40 pp. Describes and illustrates a 
line of needle, globe, ball check, re- 
lief, and plug valves in sizes from 1 
to 1 in. made in brass, aluminum alloy, 
steel, and stainless steel, depending 
upon the type and service use for either 
pipe or tube connections. 


SERIES 3600 


For general purpose work han- 
dling thin or thick liquids with 
suction lift up to 15 feet. Standard 
or bronze fitted; with or without 
built-in relief valve. Pressures to 
60 P.S.I.— 40 to 300 G.P.M. 


ROPER 


SE 


Kola , Y Fimps 








(V-11) VARIABLE-AREA FLOW 
METER—Fischer & Porter Co., Cata- 
log 1059¢, 40 pp. Aids in the selection 
and sizing of variable area meters 
With many engineering, afid cross sec 
tion drawings it gives a complete de- 
scription of variable area meters, tubes 
and floats and their comparison with 
variable-head meters 


GEO. D. ROPER CORPORATION 
382 Blackhawk Park Ave. 
Rockford, llinols 
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“PRESSURE LOADING’ is the exclusive principle of 


Pesco Gear-Type Fuel and Hydraulic Pumps which results in: 
Volumetric efficiencies up to 97%...Torque efficiencies up to 90% 











“Pressure Loading”, by automatically holding end clearance 
of gears to a thin film of fluid, provides an automatic 

take-up of wear. For that reason, maximum volumetric 

and torque efficiencies are obtained under all operating 
conditions and new pump efficiency is maintained throughout 
the long service life of every “Pressure Loaded” Pesco Pump. 


For complete information, write today. 








24700 North Miles Road, Bedford, Ohio 





Pesco Products Division, Borg-Warner Corporation 
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HYDRAULIC 
REMOTE CONTROLS 


ee ee 


an 











































ha delat 


The ONLY Single Tube 
Balanced System that replaces 
turnbuckles, pulleys, bellcranks 


and pushrods. 





The Sperry Hydraulic Control, a self-contained system, consists essen- 
tially of a hand-actuated transmitter and a receiver connected by a 
single tube. There is absolutely no dependency on outside sources of 
power such as electricity or air which are subject to failures. The system 
is filled with hydraulic oil, and due to the oil's incompressibility, force 
applied to the transmitter is immediately delivered to the receiver. Any 
movement of transmitter handle is duplicated by the receiver lever. 
The Sperry Hydraulic Remote Control System makes possible precision 
operation of a remote mechanism, free of backlash and the “spongi 
ness’ of the ordinary pneumatic control. The operator is assured of 
instantaneous response, extreme accuracy and “feel” of the operated 
mechanism even though it is often out of sight and many feet away. 
Simple and inexpensive installation complete the features appreciated 
by all in industry 


SPERRY HYDRAULIC CONTROLS are for manual or automatic 


control of: 








Brakes Hydraulic Pumps Fire Extinguishers 
Clutches Hydraulic Reverse Gears Feed Mechanisms 
Throttles Engine Spark Adjustments Grinder Spindles 
Governors Engine Mixture Setting Trippers 

Valves Variable Speed Tr issi Rel 

Rheostats Hydraulic Transmissions Duplication of Motions 


and many others 


Write for more complete information. 


SPERRY PRODUCTS, INC. 


« 1200 SHELTER ROCK ROAD 
POEEyY, 


Danbury, Connecticut 
REPRESENTATIVES IN PRINCIPAL CITIES 


Product Engineering 





(V-13) TRI-ROTOR PUMPS—Yale 
& Towne Mfg. Co., Catalog, 38 Pp 
Has information on the various models 
of the pump line, ranging from 20 
gpm to 200 gpm. Has detailed explana- 
tions of the operations of the pumps, 
descriptive matter on pump accessories, 
and the combinations possible. Also 
aids in determining size and installa- 
tion of pump 


(V-14) FLOATLESS LIQUID LEV 
EL CONTROLS B/W Controller 
Corp., Catalog, 36 pp. Complete with 
illustrations and specifications, it de 
scribes such controls as: induction re 
lays; multiple pump controls; special 
control panels; electrodes and holders; 
magnetic contactors and starters; start 
relay combination; solenoids 
and others 


er and 


(V-15) VALVES Rockwell Mfg 
Co., Bulletin V-217, 35 pp. Describes 
types, sizes, operation, and features of 
a new line of corrosion resistant valves 
Contains typical analyses of the fol 
lowing alloys: cast iron, steel, semi 
steel bronze, mercoloy, ni-resist, stain 
less steel, nickel, monel and Hastelloy 
B. Tables list approximately 175 dif 
ferent with recommended 
alloy valves and lubricants. Also has 
over 100 photograph sectional drawings 
and dimensional drawings to illustrate 


valve sizes and practical applications 


(V-16) LIQUIDS & GAS CON 
TROLS—Simplex Valve & Meter Co., 
Catalog 003, 32 pp. Lists many types 
of controllers, gages, manometers, 
valves, and venturi tubes for the mea 
surement and control of liquids and 


chemicals 


gases for water and sewage works and 
power and process industries. Describes 
units, operating characteristics, con 
struction details, mountings 


tions, and other data 


(V-17) HYDRAULIC & PNEUMA 
TIC PACKINGS—Greene, Tweed & 
Co., Catalog MP-200, 30 pp. Contains 


Spe cinca 


detailed information on performance 


installation, and maintenance proce 
dures, as well as selection and dimen 
data on all Palmetto molded 
packing. Advantages and recommended 
usages of each are Has 


charts, cutaway structural and applica 


sional 
disc ussed 


operat ynal tables 


(V-18) HYDRAULIC CYLINDERS 

Lindberg Engineering Co., Bulletin 
701, 28 pp. Diagrams, photos, and 
charts on a complete line of hydraulic 
cylinders explain the different mount 
ng types and capacities of cylinders up 


tion drawings, and 


to 1500 psi and 3000 psi working pres 
sure. Has complete specifications for 


ill mode ls 


(V-19) CYLINDERS Ortman- Mil 
ler Machine Co. Inc., Bulletin 101, 28 
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Chiksan swivel joints in landing gear, 

braking and hydraulic contro! systems 

on Lockheed's Super-Constellation. 
ry 


f 


2 2.) 









Johnson Motors cut fivid losses 75% — 
setting-up time 75% with Chiksan joints 
on their 48 die-casting machines. 




























THE NEW TOOL OF 
ORIGINAL EQUIPMENT 
MANUFACTURERS 


Now Modern Industry has a New 
Tool available in CHIKSAN Ball 
Bearing Swivel Joints. These revolu- 


Chiksan high-pressure swivel joints pro- . r, oe : Ermold automatic bottle unpacker uses 
vide complete flexibility and safety in tionary flexible joints turn with full Chiksan hydravlic joints for flexibility 
steam lines on platen presses. 360° rotation in 1, 2, and 3 planes, and stamina in limited space. 


handling air, hydraulics, fuels, oils, 
water and other fluids. 

There are over 1,000 different types, 
styles and sizes for pressures and ser- 
vices from 28” vacuum to 15,000 psi 
and for temperature ranges from minus 
75° F. to a plus 500° F. Packing ma- 
terials have been designed for each 
specific service. 

Wherever unlimited flexibility is 
required in your research, design and 
Moe howe eal momstecerer,<meley aan ae NETS Chee Nob-prowere ccivel fick ore 
tight connections with low torque. modern industry—CHIKSAN will help in injection molding equipment. 
you find the solution. 


Write for Catalog 53-C. Dept. HPD« 


The Flow of 
Enterprise Kelies an 














Colorado School of Mines turned to 
Chiksan swivel joints for air and hydrav- 
lic lines on shale mining equipment. 


Chiksan swivel joints are used on the 
coolant lines on the 160” plate mill in 
U.S. Steel's Homestead Works. 









: ey j 
CHIKSAN COMPANY ° BREA, CALIFORNIA e- Chicago 28, Illinois . Newark 2, New Jersey 
Well Equipment Mfg. Corp. (Division), Houston 1, Texas * Chiksaon Export Company (Subsidiary), Brea, California * Newark 2, N. J 
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TAKE A TIP FROM THE LEADERS 


Specify VIKING PUMPS 





Viking Pumps Built to Fit Your 
Equipment is a Specialty! 











. 











ONLY THREE PaRTS 
MEETS J.1.c. STANDARDS 

\K GREATER FILTERING AREA 
\K SPECIAL TRAP-WEAVE MESH 


for.... 

LIQUID TRANSFER 
PRESSURE LUBRICATION 
HYDRAULIC ACTUATION 
MACHINE COOLANT 


(for both thin and Viscous Liquids) 


If your machine requires dependable, 
self-priming, non-pulsating pumps, look 
to Viking for the answer. Over 600 
standard models plus complete engineer- 
ing service in building a Viking Pump to 
fit your mounting and drive arrangements 

Be sure of safe, dependable operation. 
Specify Viking! To start, send for bulle- 
tin series 54SX and include an outline 
of your pumping problem for free recom- 
mendations 


An See 


PUMP COMPANY 


CEDAR FALLS, IOWA 










CAPITAL HYDRAULIC OIL FILTER. 


WITH MONEL METAL INSERT 


Reservoir Type for Hydraulic and Oil Re-Circulating Machinery 


EASY TO INSTALL - 


EASY TO CLEAN + LONG LIFE + LOW COST 


SIZES AND SCREENS TO FIT YOUR NEEDS 


(CAPITAL eneinecrine & Mrc.core 


5835 South Ashland Avenue 


Jie 





Chicago 36, Illinois 


pp. Gives full details, data, and speci- 
fications on cylinders, and eo 
oversize, and 2-1 piston rods. Has cross 
section view of each unit. Also contains 
a complete set of 1/, scale template 
showing all cylinders and mounting 
brackets. 


(V-20) CONTROLLED VOLUME 
PUMPS—The Milton Roy Co., Bul- 
letin 351, 24 pp. Contains complete 
details of air-operated controlled vol- 
ume pumps and chemical feed systems, 
covering details of construction. Has 
cutaway views of the pumps and il 
lustrated diagrams of controls and 
typical air-powered systems 


(V-21) CONTROL VALVES — A-P 
Controls Corp., Bulletin R, 24 pp. In 
formation on a full line of control 
valves, including pressure or tempera- 
ture-controlled throttling and expan 
sion valves, pressure-limiting valves, 
water-flow regulating valves, solenoid 
valves, thermo-electric gas valves, and 
custom valves for special applications 
Has complete mechanical and electrical 
specifications 


(V-22) OILERS & COMPONENTS 

Eynon-Dakin Co., Catalog, 22 pp 
Illustrates and gives complete engineer 
ing data on a line of HY-Car oilers, 
standard oilers, vents, caps, special tubs 
forms, oil lines, and other assemblies 


(V-23) PNEUMATIC CONTROL 
LER—Fischer & Porter Co., Catalog 
C-50, 20 pp. Data on the P-4 Pneuma 
trol pneumatic controller for rate of 
flow, differential pressure, liquid level, 
viscosity, pressure, and temperature 
applications. Available in: on-off; nar 
row band proportional; and wide band 
proportional control. 


(V-24) RUBBER LINED PUMPS 
Denver Equipment Co., Bulletin P9 
B8, 20 pp. Lists all parts, and shows in 
exploded views a line of rubber lined 
sand pumps, with capacities to 2400 
gpm. Shows sectional views, lists 
clearance and foundation dimensions, 
specific gravity of pumps, friction of 
water in pipes, capacities, a motor selec- 
tion table, and installation and main 
tenance instructions. 


(V-25) TRANSMISSION SYSTEMS 
Fischer & Porter Co., Catalog T-50, 
20 pp. Describes the pneumatic, mag- 
netic, electric, electronic, and electron- 
ic follower transmission systems for 
use in measurement and control of 
flow, pressure, liquid level, viscosity, 
and specific gravity. Has illustrations 
of performance characteristics, and 
schematic diagrams of the various sys- 
tems 


(V-26) PACKINGS—Greene, Tweed 
& Co., Catalog PC-102, 20 pp. Cover- 
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dependable DONNELL 
hydraulic systems 
and components 


sta + mobile equipment 






e staticnary units 










e portable applications 


HYDRO-PAC POWER PACKAGE 
HYDRO-PAC PUMPS 
HANDY-LIFT HAND PUMPS 
HYDRO-PAC VALVES 


Donnell simplified design and exclusive 


patented advantages assure you of greater 


















100 to 5000 psi 
150 in./min. at 1000 psi 
6 volt—12 volt—28 volt dc—110 volt ac 






dependability and longer maintenance- 


free operation of hydraulic components. 
' f 


| 


MORE THAN 500 TYPES OF HYDRAULIC RAMS 


Donnell Rams have positive stops that eliminate mechanical 

stresses on oil seals. Superior Donnell Rams are available in 

single acting, double acting, pull or telescopic types with trunion, 

yoke or foot mountings, conventional or special bases to suit 

your requirements. Pressures from 1000 to 10,000 psi. 

A. Trunion mounted ram with oil C. Standard single acting ram. 

inlet in one trunion boss. 

B. Trunion mounted ram _ with D. Push-pull ram with special 

control valves in base. yokes on base and plunger A 


E 

















Telescopic rams are streamlined to elimi- 





»s — 








nate bosses and protruding top caps. 


WRITE FOR ENGINEERING DATA AND QUOTATIONS 


| ey DONNELL 
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~ .% EVERY JOB ENGINEERED TO YOUR SPECIFICATIONS 





HYDRAULIC COMPANY 









Marengo, Illinois 


@ THE RIGHT PUMP FOR THE JOB 
seu MODEL 1 PUMPS 
| sqm MODEL ¢ PUMPS 


TUTHILL MODEL CK PUMPS 


TUTHILL MODEL M 


TUTHILL MODEL R PUMPS. 


PUMPS 


ST TWIHILL MODELS S and 
SA PUMPS 


TUTHILL 
PUMP 
GUIDE 


To make it easy for you to choose the 
right pump for the job, Tuthill offers the 
handy new Pump Guide . . . a letterhead- 
size table which gives you full details on 


the complete line of 
Write for your 


PUMP GUIDE today! 


TUTHILL 
Vrvurs\ 


= 





Tuthill Pumps. 
PUMP COMPANY 


T U T H | L 939 East 95th Street, Chicago 19, Illinois 


Canadian Affiliate: Ingersoll Machine & Tool Company, Ltd., Ingersoll, Ontario, Canada 


Tuthill positive displacement internal-gear rotary pumps are serving 
industry on machine tools, engines, speed reducers, compressors, hydraulic 
mechanisms, special machinery and oil-burning equipment. 
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ing all types of the Palmetto packings, 
the booklet includes details on: self- 
lubricating, molded, and sheet pack- 
ings, plus information on a new type 
Teflon packing. Also has photographs, 
diagrams, cutaway views, and an over- 
all packing application chart. 


(V-27) HYDRAULIC COMPON- 
ENTS—Racine Tool & Machine Co., 
Catalog P-i0-D, 18 pp. Discusses 
pumps, valves, boosters and pumping 
units. Large cut-away drawings show 
construction details of each component 
and specifications are given for each 
one. Schematic drawings show govern- 
or-controlled hydraulic circuits. There 
are also sections on hydraulic 4-way 
valves, special pumps and valves, and 
typical circuits. 


(V-28) VALVES—Hoke, Inc., Cata- 
log, 18 pp. Dimensional data sheets on 
a line of valves for fluid control. 
Covers: straight line needle valves; 
angle needle valves; needle valves; 
below sealed; straight line, toggle type; 


and a check valve. 


(V-29) FLEXIBLE METAL HOSE 
The American Brass Co., Catalog CC- 
400, 16 pp. Shows a wide range of 
available alloys and sizes, suggested 
applications, and furnishes data on the 
hose and fittings. Engineering informa- 
tion also included. Made in types: 
Seamless, and strip wound. Has il- 
lustration of each type. 


(V-30) FLEXIBLE METAL HOSE 

Flexonics Corp., Booklet CMH-123R, 
16 pp. iefoden detailed information 
on stainless steel, brass, bronze bellows, 
bellows assemblies, and bellows de- 
vices. The hose section features com- 
plete specification and application data 
on convoluted and corrugated types of 
flexible metal hose, as well as details 
on flanges, couplings, and other fittings 


(V-31) AIR CYLINDERS—-Lindberg 
Engineering Co., Bulletin 731, 16 pp 
Diagrams, charts, and photographs ex- 
plain the capacity, type of mountings, 
and a list of engineering features. Com- 
plete specifications for seven types of 
mountings of air cylinders, and other 
components 


(V-32) CENTRIFUGAL PUMPS 
Ingersoli-Rand, Booklet 7223, 16 pp 
Data on general purpose centrifugal 
pumps of the cradle-mounted type 
Covers 5 basic cradle groups and 17 
corresponding pump types, their ca- 
pacities, hp ratings and uses. Capacities 
5 to 2400 gpm. Pressures: 10 to 500 
ft. total head. Specifications and illus 
trations of all models. 


FORCE FEED LUBRICA- 
Hills-McCanna Co., Catalog 


(V-33) 
TORS 























ROTARY AIR MOTORS, COMPRESSORS, VACUUM PUMPS 
OFFER BIG ADVANTAGES AS ORIGINAL EQUIPMENT ON 


GAST HUNDREDS OF PRODUCT APPLICATIONS... 


——<4 2 TYPES, 4 SIZES—TO 3 HP 





























specifications 

Explosion-proof Gast Air Motors give 
you amazing compactness and light weight model no. air —— net wt 
for hp rating. You get the advantage of a 
wide ome of wane speeds plus low 1AM ahs i a tas 1% lb 
speeds without stalling. They'll start in 
any position. They can’t burn out from 2AM 0.13 hp @ 500 rpm 5% Ib 
overloads. Rotor vanes take up their 03 hp @ 1.500 pm 
own wear. Simple, almost service free, 0.27 hp @ 500 rpm 

4AM 7% lb 
Gast Rotary Air Motors “fill the bill” 0.67 hp @ 1,500 rpm ' 
in many equipment applications with low 1.0 hp @ 500 rpm 
first cost. 8AM 2.5 hp @ 1,500 rpm 23 & F : : 

INT Wrote)’ 1 133701 1 5 TYPES, 12 SIZES—TO 30 PSI 4AM-FCC-1C * 1AM-NCC-11 * 2AM-NCW-16 
specifications 
Integral (motor-pump)—Compact, light jr @C. max. pres: as 
weight, efficient ‘“‘package’’ units. Vanes | sure psi 
take up their own wear. Compressor model model no. cfm )10 mie hp net wt* 
rotor mounted on motor shaft for quiet, contia- | utes 
: wously on-off 

pulseless air delivery. integral ——- eee | eee 
Light-Daty — For intermittant service. (motor 0210-P3A-10X 1.3 | 15 25 % 30 lb 
Quick pick-up, positive displacement. Re- — 0320-P10A-10X 2.5) 20 25 1/3 36 lb 


semble heavy-duty models but without ‘gash O00, tam) o26\| ta | ae Tl. vce 
fans or deep cooling fins, not needed for light- 0240-P12A-10X| 2.0) 10 20 Ma 8 ib 


: ‘ . - ‘ -PI3A-1 3.8 10 101 
brief operating periods. Simpler lubrica- duty pe apt 56 7 4 by > 
tor. (Not illustrated) ee | 


0465-P32-32 3.8 25 | 30 1/3 18lb 





Heavy-Duty—Fan-cooled—For long, con- heavy- 0765-P24-32 56 10 15 1/3 18bb 
tinuous operation. Rotary design gives futy 1065-P20A-39 83 25 30 1 34 Ib 
more air per Ib., per hp. Automatic cooled 2065-P10-41 17.0 15 20 1% 54lb 
lubricator has self shut-off | 2565-P21A-107| 21.0 15 | 20 | 2 | 54\b 








*Weight without base or motor, except integral models 


ZT 7 trees, 13 sizes—ro 28 IN ie 5, nc Notes 




















Integral (motor-pump)—Compact, light specifications 

weight, “packaged” units. Save mounting cee, Gat. ene 

cost and time. Especially suited for port- um, in hg. ‘ 
able equipment. Rotor mounted on motor mode! model no. cfm 10 mins) *P net wt* 
shaft. Rotary design gives quiet operation, contia- utes 

pulseless vacuum. Vanes take up own . __ wees ore a. 

wear. istegral '0210-V36-10X 13,15 27 | %& 30 
Light-Daty —- For intermittant service pump) 0320-V3-10X__ 2.5 28 — _ 32 Ib 
Give quick pick-up, trouble-free perform- light- 0240-V4A-10X 20 15 26 “| Ob 
ance. Resembles heavy-duty models but duty 0440-V4A-18X 38 15 26 1/3 Wb 
without external fans or dzep cooling fins. 0740-V4-18X 56 W | 26 1/3) 12 Ibs 
Simpler lubricator. (Not illustrated) 0465-V4-25 3.8 26 mm eb 
Heavy-Duty-Fan-Cooled—Built for con- on 0765-V8-32 56 28 1/3 18 Ib 
tinuous service, dependability, minimum fan- 1065-V4-34 8.3 28 Ya 34 Ib 
maintenance. Forced air cooling, deep cooled | 2065-V4-39 17.0 28 1 54 Ib 
cooling fins. Automatic lubricator has | 2565-V4-41 21.0 28 1% | 54\lb 
self shut-off. *Weight without base or motor, except integral models 


1065-V4-34 ° 0210-V36-10X 








OIL-LESS AIR PUMPS 


Available in 4 sizes, 


Gast offers you specialized experience in air motors, compressors 
and vacuum pumps for original equipment. Based on 9 design 
types and 17 sizes, over 200 different Gast models go into pro- 
duction each year. With the various accessories, these models 


separate drive — 2 have a tremendous number of applications. 


sizes, integral- 


“Air may be your Answer!” Write for detailed information on your application 
motor. Write for 


“Oil-less” Bulletin. Original Equipment Manufacturers for Over 25 Years 
AIR MOTORS - COMPRESSORS - VACUUM PUMPS 
3040-V103 (TO THREE H.P.) (10 30 185.) (10 28 INCHES 
y/ if GAST MANUFACTURING CORP. 139 Hinkley St., Benton Horbor, Mich. 
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W. welcome your pump problems and in 


quiries. The answer to your problem may be 
in the files of our Engineering Department ’ For 
three generations, Brady has specialized in the 
design and manufacture of small Centrifugal 
Pumps used as original equipment by 
leading manufacturers in Ai Conditioning, Re 
trigeration, Dairy, Machine Tool and many 
other Industries 


Write. phone or wire 


CORPORATION 


1005 East 18th Street Muncie, Indiana 








L-52, 16 pp. Details on the open and 
enclosed type lubricators, available in 
capacities from 2 pints to 32 pints with 
1 to 24 feeds per unit. Has large 
colored cutaway illustration, cross-sec- 
tion views and complete specifications 


(V-34) FLEXIBLE METAL HOSE 
Flexonics Corp., Catalog CMH-128, 
16 pp. Specifications and other data for 
the new expansion joints having in 
creased traverse per corrugation. Also 
gives specifications and ey in 
formation for corrugatec and con- 
voluted types of flexible metal hose, 
including couplings, flanges, nipples, 
and assemblies. Has large cross sec 
tional illustrations 


(V-35) CONTROL VALVES - 
Ledeen Mfg. Co., Bulletin 1000, 16 
pp. Has operating and circuit diagrams, 
illustrations, and dimensions and 
weights of a line of valves used for 
operating air and hydraulic cylinders, 
single and double acting, and air 
motors. They are available in hand, 
foot, power, and solenoid operated 
models. 


(V-36) HEAVY DUTY ROTARY 
PUMPS— Worthington Corp., Bulletin 
W-483-B2, 16 pp. Covers the herring 
bone gear type with capacities to 5,000 
gpm, pressures to 1,000 psi; and the 
sliding vane type with capacities to 
1,000 gpm and pressure to 200 psi 
Has fields of application, coverage 
charts, mountings and dimensions 


(V-37) CONTROL VALVE DESIGN 

Conoflow Corp., Bulletin 106, 16 
pp. Called “New Techniques in Con 
trol Valve Design,” it is a comprehen 
sive paper on the subject of pneumatic 
final control elements. Well illustrated 
with photographs and cutaway views of 
the various units made by this com 
pany 


(V-38) O-RINGS International 
Packings Corp., Booklet 1000, 16 pp 
Gives complete data on the manu 
facture and application of O-rings as 
static and dynamic seals. The proper- 
ties and characteristics of the basic 
polymers are outlined. Groove machin 
ing details for static and dynamic ap 
plications are given in chart form 


(V-39) PROCESS PUMPS Inger 
soll-Rand Co., Bulletin 709-A, 16 pp 
Discusses single stage, vertically split 
process pumps built in 1, 11/,, 2, 3 and 
{-in. sizes for capacities to 1,000 gpm.., 
and pressures to 600 pst. Discusses the 
advantages of the new balanced im 
peller in the vertically-split casing. Con 
tains many large cross-sectional illus 
trations 


(V-40) LEAK-PROOF PUMP SEAL 
Bell & Gossett Co., Booklet ET-452, 
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SEALASTIC USERS 


e AIRCRAFT ENGINES 


Allison Division—General 
Motors Corp. 

Bendix Products Division— 
Bendix Aviation Corp. 


Pratt & Whitney Aircraft— 
Division United Aircraft 
Corp. 

Wright Aeronautical Corp. 
—Division Curtiss-Wright 
Corp. 


@ AUTOMOTIVE 


Bueh! Manufacturing Co. 
Continental Motors Corp 
Ford Motor Company 
Pockord Motor Car Co. 


e BUSES 


ACF Brill Motors Co. 
Canadian Car & Foundry 


General American Aerocoach 
—Div. General American 
Transportation Corp. 


Twin Coach Co. 


@ FOOD PROCESSING 


The Liquid Carbonic Corp. 


@ MACHINERY 


Allis-Chalmers Mfg. Co. 


Detroit Diesel Engine Divi- 
sion—Genera!l Motors Corp. 


e@ OlL WELL MACHINERY 
Cardwell Mfg. Co., Inc. 
@ RAILWAY 
The Budd Company 


Electro-Motive Division— 
Genera! Motors Corp. 


@ REFRIGERATION 


Howe Ice Machine Company 


ROLL CALL OF n 





THESE NOTABLE NAMES 
IN AMERICAN INDUSTRY 


alaslic 


SELF-LOCKING —__. 
FERRULE* 


\ 
SYNTHETIC 
RUBBER SEAL RING ; / 


2 eae 
wo ii w wre 


THE FITTING THAT IS 


ABSORBING 


ann VIBRATION-FATIGUE PROOF ror tow, 


MEDIUM AND HIGH PRESSURES 


By eliminating metal-to-metal 
contact between tube and fitting, 
SEALASTIC ends your problem of 
leaks and breaks caused by shock 
and vibration-fatigue. Overcomes 
tube misalignments. Permits de- 
pendable, cost-saving, straight- 
line-tubing between fixed points. 


This cushioned-coupling design 
provides a seal ring of synthetic 
rubber, surrounding a ferrule 
(either self-locking or solid ring 
swaged, sweated or brazed). 


Seal ring prevents metal-to-metal 
contact and cushions against vibra- 
tion. Nut only needs to be tightened 
by hand to place entire seal under 


*For critical applications 






compression (to withstand pressure 
up to 4,000 p.s.i.). 


Substantial time and labor savings 
in assembly work or emergency 
repairs are made possible because 
Sealastic Fittings are engineered 
and integrated to your special 
requirements. 

The varied industries listed at the 
left are proof of Sealastic’s practi- 
cal application wherever fuel, oil, 
water, refrigerants, air or ether in- 
jection must pass through metal 
tubes or piping. 


May we send you descriptive book- 
let and full details of Sealastic 
engineering service? 


we recommend the solid ferrule tixed on the tube 


CHICAGO FORGING & MFG. CO. 


Avtomotive Ports Manufacturer since 1922 


2000 SOUTHPORT AVENUE + CHICAGO 14, ILLINOIS 


Some Territories Still Open for Sales Representatives 
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FOR EFFICIENT 
LOW-COST 
TRANSMISSION 
OF AIR... 


From Stationary to 
Rotating Machine Parts 





MODEL 1105 


for Single-Passage Applications 


(Meximum speed 3500 +.p.m.; maximum pressure, 
150 p.s.i.) 


Proved in years of trouble-free 
service, Deublin Rotating Air 
Unions offer advantages that 
assure dependable, low-mainte- 
nance performance. Typical fea- 
tures are: 


* LEAKPROOF AIR SEAL 


* CARBON AND STEEL LAPPED 
SEALING FACES 


* STATIONARY SEAL KEYED 
* BALANCED SEALING 

* MINIMUM TORQUE 

* SIMPLIFIED MAINTENANCE 
* 


INTERCHANGEABLE WITH OTHER 
UNIONS 












MODEL 2200 
Designed for use 
where larger volumes 
of air are required 


OPEL 1500 
a 
doubie. Union fo, 


a Pa 
PPlications Sa Je 


QUICK-RELEASE VALVE 

A compact, Chatter-Proof 
re er oir 
pressures from 0 to 250 p.s.i. 







Write for 






on pneumatic clutches uv to illustrated 
1500 h-p. Length: 2 ’ bulletin 
weight, 14 ounces. ‘ 





DEUBLIN COMPANY 
1155 Waukegan Road 
Glenview, Illinois 












| 14 pp. Has selection tables and con- 
| struction features of a leak-proof mech- 
anical seal for use in centrifugal pumps. 
Made of a composition of materials, 
| it is wear-proof, corrosion resistant, 
and is self-lubricating. 
(V-41) AIR REGULATORS—Ken- 
dall Controls Corp., Bulletins 4521-22, 
14 pp. Details on the model 10 pre- 
cision air pressure regulator, and the 
| model 20 precision air volume booster. 
Both have large cross-section views 
showing parts and action, plus pressure 
ranges, operating curves, and complete 
specifications 





(V-42) HYDRAULIC POSITION- 
ING—Farris Hydrotorque Corp., Bul- 
letin 157, 12 pp. An instrument of 
positioning control this single-tube sys- 
tem is independent of outside energy 
There is no sponginess, and the opera- 
tor has the feel of direct linkage with 
positioning accuracies within a thous- 
andth of an inch. Cross-sectional draw- 
ings show the parts of the hydro- 
torque transmitter and receiver with 
specifications given along with thrust 
and torque capacities of the hydro- 
torque units 


(V-43) MULTI-STAGE PUMPS - 
Peerless Pump Div., Bulletin B-1400, 
12 pp. Illustrations, engineering data, 
and specifications for a line of 2, 3, 4, 
and 5-stage split-case pumps. The 2- 
stage have capacities to 3,000 gpm and 
head ranges to 800 ft; the 3-stage have 
capacities to 1,400 gpm and heads to 
950 ft; the 4-stage have capacities to 
900 gpm and heads to 1600 ft; and 
the 5-stage have capacities to 300 gpm 
and heads to 1550 feet 


(V-44) REVOLVING JOINTS 
Barco Mfg. Co., Catalog 200-B, 12 pp 
Details on the complete line of flexible 
ball, swivel, swing, and revolving 
joints. Made in three styles, single 
flow, syphon, and revolving syphon, 
and carry stream, air, water, gas, and 
some chemicals. Complete with illus- 
trations of applications, engineering 
and cross-section drawings, and speci- 
nications 


(V-45) CENTRIFUGAL PUMPS 
Allis-Chalmers Mfg. Co., Bulletin 
52C6059]J, 12 pp. In addition to cover 
ing general purpose, double suction, 
multi-stage special purpose, marine and 
axial flow pumps, the bulletin has a 
head capacity table for single stage, 
double suction pumps Special purpose 
pumps mentioned include solids, han 
dling, paper stock, sewage, rubber-lined 
process, fractional horsepower, and 
coolant and circulating pumps. Has 
illustrations of all types 








New Catalogs 
and Bulletins... 


are listed toward the 
end of every section of 
the HANDBOOK. 
These new reports 
from manufacturers 
keep you posted on 
everything newly avail- 


able to you. 


You can easily 
obtain new catalogs 
and bulletins... 


simply by filling in the 
convenient post cards 
following page 24. 

These post cards also 
have spaces for you to 
indicate ADVERTISED 
PRODUCTS about 
which you'd like to 
know more. You will 
get the data you indi- 
cate directly from the 
manufacturer. Make 
use of these handy, 


postage-paid cards. 
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BERRY 


HYDRAULICS 


features the new 


ROTARY PISTON DESIGN 














Positive 


Positive 
Displacement 


Torque 
Motors Pumps 


The following tabulation shows the range of capacities and horsepowers in each series. All models available for quick delivery 




















TYPE | sss CPUS waa —hlU eh eC 

an | Capacity GPM Speed RPM _Torque Ib. ins. | Horsepower | Speed RPM PS! 
14-15SERIES | 10 27. | TO 3600 TO 1280 | TO 43 | TO 4500 | TO 2000 
32-05 SERIES TO240 | TO 650 TO 6100 | 10144 101500 ~+| «TO 500 
| 32-10 SERIES TO 180 TO 1200 to 18400 | 10318 | 702818 | 101500 





GIVES YOU ALL THESE: 


MOTORS: Positive Torque *« Low Noise Level + Overload Protection + Long Life 
Variable Speed + Series and Parallel Operation 

PUMPS: Positive Displacement + Relatively Pulsationless + Rugged Dependability 
Instantaneous Reversibility + Explosion-Proof Safety + Motor-Pump Interchangeability 


FOR ADDITIONAL ENGINEERING INFORMATION WRITE TO 


BERRY DIVISION 


OLIVER IRON AND STEEL CORPORATION 
PITTSBURGH 3, PENNSYLVANIA 
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(V-47) RECIPROCATING RO. 
STEEL TARY POWER The Bonnot Co., 
Bulletin 21, 12 pp. Describes the Hy- 


lromotor, a hydraulic actuator that 
HYDRAULIC nailtiies high oe wee through 


—————SSS—T=} COUPLINGS reciprocating rotary power, diagrams 
show, schematic applications. Several 


pages of engineering data on the single 


“THE MOST COMPLETE FITTING LINE” and double vane models. Also lists 


operating features and applications 





JIC FLARED TUBE 


(V-48) CONTROL VALVES—Ross 
Operating Valve Co., Bulletin 101 A, 


DRYSEAL PIPE FITTINGS 12 pp. Explains the characteristics and 


advantages of air power and describes 


RESTRICTORS the three fundamental types of air con- 


LATERALS 


trol valves: The integral pilot operated; 
the remote controlled; and the direct 


BARBED HOSE STEMS operated. Colored drawings show con 
HYDRAULIC ACCESSORIES 


struction; and operation is explained. 


(V-49) SELF-CLEANING STRAIN- 
ERS—S. P. Kinney Engineers, Inc., 


new products : Booklet, 12 pp. Describes the operation 


Bey) 





| 


of a self-cleaning strainer that will re 
move fine suspended particles from raw 
NEEDLE VALVES or process water and dispose of them 
5000 PSI while still maintaining pressure. Opera 
Compact, bar stock body tion pressures up to 250 psi, with pipe 
Use for shut-off or metering sizes from 2 to 36 inches 
Tube or pipe outlets 


(V-50) SOLENOID VALVES—Skin 
ner Electric Valve Div., Bulletins 501, 
505, 12 pp. The First covers the V-5 
valve, available in two-way normally 
open; two-way normally closed; and 
the three-way two position type. Has 
cross-sectional views with specifications 
Tube or pipe outlets No. 505 lists, with illustrations, other 
Fixed or adjustable spring two and three-way valves with maxi 
loading mum operating pressure up to 150 Ibs, 
and includes all data 


Line or angle 





BALL CHECK VALVES 
© Compact, bar stock body 





(V-51) CHEMLON PACKING 
Crane Packing Company. Bulletin T 
SWIVEL ELBOWS 103, 12 pp. Describes a line of prod- 
© 1200 PSI ucts made from Teflon, a chemically 
She er alte aitat inert plastic having a wide range of 
4 working temperatures. Used as a pack- 
Rotates 360 ing; as a gasket; for electronic insula 
tion; and for non-stick uses. Specifica 
tions given for each product 


(V-52) RING-JOINT GASKETS- 

PIPE NIPPLES ASME, Booklet ASA B16.20—1952, 

Clean bore, seamless steel 12 pp. Complete title is, “Ring-Joint 
tubing Gaskets and Grooves for Steel Pipe 
® Dryseal NPTF threads Flanges.” Covers types and sizes; ma 
terial; dimensions, tolerances, and fin 
ish; identification numbers; and mark 
ing. Drawings show closeup view of 


® Cadmium plated 


gaskets and grooves 


Representatives in principal cities (V-53) HIGH-PRESSURE HY 
WRITE FOR CATALOG 453 DRAULIC CYLINDERS The S-P 
Mfg. Corp., Catalog 103, 10 pp 

Covers a new line of space-saving, 

MANUFACTURE co. high-pressure cylinders for working 

" pressures up to 2,000 psi. Has illustra 

8088 E. NINE MILE RC tions, large cutaway views, and com- 

VAN DYKE. MICH plete specifications for models avail- 

able in 11 bore sizes from 11/, through 
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Moyne designed for pumping 
ethylene glycol, condensate 
from avtomatic driers, hot and 
cold water in dishwashers. 


General purpose Moyne for 
pumping oils, water, alcohols 
and caustics. 


Bronze and stainiess steel 
Moyne as used in a drink dis- 
penser. Pumps weoter at mere 
than 100 p.s.i.g. 


Here's a compect version of « 
low heed, smell displacement 
Moyne for accurate pumping of 
small amounts. 


ap cB 


Mts... 


Versions of this compoct Moyne 
ere applicable as coolant 
pumps, shallow well pumps 
and booster pumps. 


Economical Meyno for the ap- 
pli field, designed for use 
under flooded head. 





BEFORE YOU “FREEZE” YOUR PRODUCT DESIGNS... 


Read these FACTS about MONO PUMPS / 


One of these characteristics may 
improve YOUR product! 


Versatile—Pumps liquids, 


abrasive-laden slurries. Adaptabl 


pastes, 


to heavy industrial machinery or 
small drink dispensers, oil burners, 
coolant 


dishwashers, sprayers, 


pumps, etc. 

Positive Displacement— Moynos are 
available to pull up to 29° ol 
vacuum while discharging under 
pressure. Big Moynos can deliver 
up to 250 gpm. Pressures to 600 
psi obtainable Provide control 
lable, non-pulsating flow for meter 
ing purposes, in either direction! 
Gentle—No churning, foaming 
won't break up semi-solids. One 
Moyno is pumping potato salad! 


Trouble-Free—Self-priming; won't 


cavitate or vapor lock. Just one 


moving part no valves to stick, 
no pistons to gum up. Low starting 
and running torque. 





What you see here are seven variations 
of a completely different concept of 
pump design...the RaM ‘“Moyno”’ 
Pump. It operates on a unique 
progressing-cavity principle, as shown 
by the large cutaway. 

But even more important than how 
it works is how it performs. A good 
example is the Bendix Economat 
Washer, on which Moyno Pumps last 
seven and a half times longer than any 
pump tried before! On other types of 
applications— pumping everything 
from water, air, and abrasive-laden 
liquids to heavy, non-pourable pastes— 


users find that the simple Moyno Pump 
design saves maintenance dollars! 

If you use pumps—and particularly 
if your pumping application is a little 
different—there’s a strong possibility 
that the Moyno can add new features to 


your product. 


New Bulletin No. 50 has more facts 


Contains performance curves 
and details on pumping char- 
acteristics. Write for your free 
copy If you can describe 
your application, we will be 
able to reply in even more 


detail. ; 


es, 
» IN 


ROBEING = MYERS, inc. 


SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


Fractional & integral h.p Electric 
Motors & Generators Fans 


= Y Aaa ps) 
= ‘ 32 


Electric & Hand Moyno 
Hoists & Cranes Pumps 


Propellair industrial 
Ventilating Equipment 





7e SIMPLER THE FILTER 
THE LOWER THE COST 


It seems hard to believe, 

but you can actually 

have more efficient fil- 

> tration at considerably 

lower cost if you simply 

use Bendix-Skinner rib- 

bon elements instead 

of expensive and less 

@ SIMPLE, INEXPENSIVE == adaptable metal edge 
TO INSTALL <=> or metal screen types. 


—me——t, © Here's how it works— 


= : Bendix -Skinner rib- 
bon elements are in- 
@®NO EXPENSIVE BACK UP ™& expensive to begin 


with and can be in- 


‘oe REQUIRED ‘> stalled at far less 
é m S" cost than metallic ele- 


i 8 a ments that require spe- 
‘ cial back-up supports. In 


@ PERMANENT fact, in practically every 

TYPE == instance present metallic- 

~ type elements can be 
; < changed over to ribbon-type 


aie, A 
a with substantial savings. 
@HIGH FLOW RATE Ri ania 


Ribbon units are available 
( erTHER DIRECTION ) = in diameters from 14" to 6” 
\ in any required length with 
nee filtration rated at 40 microns 


(.0016”") 
© EASILY £ Our engineering department 
CLEANED <— will be glad to advise on new 
we installations or to furnish re- 
placement units in a variety of 
sizes. Write us for details. 


=a 


2 
| 


Zs | 


Performance Proven 


eo) 1el1, 00) me): MICRONIC | FILTRATION 
SKINNER PURIFIERS DIVISION OF Bendix 


1503 TROMBLY AVENUE, DETROIT 11, MICHIGAN 
Export Sales: Bendix International Division, 205 East 42nd Street, New York 17, N.Y 


8 inches. Also has extensive pressure 
and flow data. 


(V-54) PNEUMATIC COMPARA- 
TOR GAGES—Moore Products Co., 
Bulletin 8005-S, 8 pp. Cutway and 
other drawings show the principle of 
Operation, installation, and mainte- 
nance. Photographs show use of differ 
ent types of gages. 


(V-55) AIR CYLINDERS Miller 
Motor Co., Bulletin A-105G, 8 pp. 
Gives complete engineering, design, 
construction and mounting data in- 
cluding all mounting drawings and di- 
mensions tables covering 13 mounting 
styles in 11/, in. through 14 in. bores. 
Covers cushioned and non-cushioned 
cylinders, single and double acting, 
single and double rod end, spring re- 
turn and oversized rod cylinders. 


(V-56) HYDRAULIC CYLINDERS 

The Miller Motor Co., Bulletin H- 
104 G, 8 pp. Gives complete engineer- 
ing design, construction, mounting and 
dimensional data covering a complete 
line of hydraulic cylinders for 2000 to 
3000 psi operation. Covers 13 different 
mounting styles in 11/, to 12 in. bores 
with a choice of standard leak-proof 
leather cup piston seal, piston ring 
piston seal, or lap fit friction free seal 
Several cutaway drawings show assem- 
bly and parts 


(V-57) PILOT MASTER VALVES 
Hannifin Corp., Bulletin 231, 8 pp 
Describes and illustrates the various 
two, three, and four-way models of 
pilot-master valves. In the two- and 
three-way series, the spring return 
type and the pressure return type valves 
are discussed. In the four-way series the 
spring-return type and the momentary 
contact type valves are discussed. Speci 
fications for all types are given 


(V-58) UNIVALVES Edward 
Valves Inc., Catalog 12-G1, 8 pp. De 
scribes the univalve integral seat all- 
purpose forged steel valves rated for 
1,500 and 2,500 Ib. Has complete ma 
terial specifications and detailed chem- 
ical analysis. Has cutaway view and 
photo giving step-by-step disassembly 
procedures 


(V-59) RING PACKING—Greene, 
Tweed & Co., Bulletin, 8 pp. Specifica 
tions of a packing used at pressures 
up to 15,000 psi, without the extrusion 
of the packing between the mating 
parts. Has illustrations and other details 
on design features, operational data 
and installation procedures 


(V-60) AIR VALVES Valvair 
Corp., Booklet 15 M., 8 pp Shows 9 
types of control assemblies using 5 
body types. Illustrated are the knob 
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for free catalog 104 
on Eastman Hose Coup- 
lings and Bulletins 231B 
& 2328 on Straight and 
Angled Adapter Unions. 
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SAFEGUARDING 
INDUSTRY'S 


Vibe 
Power 


Since 1914 
Dept. PE54, Manitowoc, Wisconsin 











PRODUCTION 
EFFICIENCY 


Demands the Why 


MONOPAK 
METALLIC 
PACKING 


Seals against 
Oil, Water, Brine, 
Air, Gases and 
Refrigerants 

Burst-proof, does 








Assures unexcelled durability 
not blow out . . . Compact, easy to install. Low fric- 
tion insures long life. Adopted by hundreds of manv- 
facturers and users of machine tools. 


“SEAL-GUARD” 
METALLIC 
ROD WIPER 


Prot-cts Cylinder Rods, Machine Spindles, 
Guide Pins, Locating Pins . . . Affords pro- 
tection from falling or flying debris. Two 
flexible bronze rings mounted in synthetic 
rubber lift off harmful substances by means 
of knife-edged conicc! surfaces . . . Seif- 
adjusting through action of rubber on stag- 
gered scraper rings. Rod diameter sizes, 
%4 to 10”. 


MONOPAK-CARTRIDGE 
PACKING UNIT 








For Pneumatic and Hydraulic Cylinders. Combines all necessary 
Packings, Bearings and Rod Wipers into One Compact Unit 
Can be installed or replaced by inexperienced mechanics in a 


f.w seconds. Write for Literature 


HYDRAULIC ACCESSORIES CO. 


24301 Hoover Road * Van Dyke, Michigan 
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lever, cam, clevis, foot, treadle, cylin- 
der, diaphragm, and solenoid type. Has 
specifications and cutaway views. 





(V-61) ROTARY PUMPS—Geo. D. 
Roper Corp., Catalog 951, 8 pp. De- 
scribes models of rotary pumps having 
pressures from 60 psi up to 1,000 psi 
Capacities of the larger pumps are from 
40 to 300 gal. per minute. The smaller 
pumps have ranges of from 3/4 to 50 
gal. per min. Complete specifications 
are given for each model, with cross 
sectional views showing new construc- 
tion features. 


(V-62) V-BELT PUMP UNITS- 
Tuthill Pump Co., Catalog 107, 8 pp. 
Complete specifications and operation- 
al data for a pump unit for handling 
heavy fuel oils and other non-corrosive 
viscous liquids in circulating and trans- 
fer service. Used with motors up to 5 
hp, giving pressures up to 300 psi. 


(V-63) AIR & HYDRAULIC COM- 
PONENTS—Pathon Mfg. Co., Bulle- 
tin, 8 pp. Information on a line of air 
cylinders, hydraulic oil cylinders, and 
directional hydraulic control valves 
Has illustrations and complete specifi- 
cations for the various types of mount- 
ings of the cylinders, and all technica] 
data for the control valves. 


(V-64) SMALL VERTICAL PUMPS 

Allis-Chalmers Mfg. Co. Bulletin 
52B6975A, 8 pp. Describes construc- 
tion features of small vertical pumps 
for sidewall or submerged mounting 
Units covered are available in capaci 
ties to 250 gpm. at heads to 125 ft 
for coolant circulating, air condition- 
ing, and other uses. 


(V-65) CENTRAL HYDRAULIC 
SYSTEMS — Greer Hydraulics Inc., 
Bulletin 900, 8 pp. Shows how to get 
more dependable, economical, and flex- 
ible central hydraulic systems. De- 
scribes and _ illustrates compression 
molding press systems, and compares 
weight-loaded and hydro-pneumatic 
accumulation systems. Has schematic 
diagrams for hookups for various con 
ditions, and methods of calculation of 
accumulator capacity 


(V-66) CENTRIFUGAL PUMPS 
Pioneer Pumps & Mfg. Co. Bulletin 
160-26, 8 pp. Illustrates pumps for 
coolants, cutting oils, and similar jobs, 
ind has line drawings and photographs 
of typical installations on many types 
machine tools. Various types of mo- 
mounting brackets, self-priming 
.uxiliaries, and seal and seal-less types 
‘f pumps are also shown 


(V-67) BETTER GASKET SERVICE 
Chicago Gasket Co., Bulletin, 8 pp 
Entitled “How to get Better Service 
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Make Your Own 


- AEROQUIP HOSE anp FITTINGS 


are MATCHED ror 


GUARANTEED PERFORMANCE 


oe 


* 





















@ No skill or special training is required to 
assemble Aeroquip Flexible Hose Lines by hand 
in a matter of minutes! YOU CUT COSTS because 
Aeroquip fittings are detachable and may be 
used again and again. YOU REDUCE INVEN- 
TORY because with Aeroquip bulk hose and a 
few fittings you can fill practically all your hose 
line requirements. YOU REDUCE DOWNTIME 
because with Aeroquip on hand, quick hose line 
replacements are available at all times. 


TY) ¢ YC 7) 

































J — | + 
Cut hose to 
ength with hacksaw; Oil nipple and inside Screw nipple int Install fitting on other end 
screw into socket of hose liberally socket and hose hose line is ready for use 





eroquip 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


SALES OFFICES: BURBANK, CALIF. « DAYTON, OHIO *« HAGERSTOWN, MD. « HIGH POINT, N.C. « MIAMI SPRINGS, FLA. 
MINNEAPOLIS, MINN. « PORTLAND, ORE. « WICHITA, KAN. « TORONTO, CANADA 
AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 


Product Engineering — 1954 Annual Handbook 





FOR PRESSURES UP T0 5000 P.S.I. 


HYDRAMITE 


IS TODAY’S BEST PUMP...AND COSTS LESS 


IN THE FEW YEARS since the Hydra- 
mite Pump was introduced it has become 
the top choice for an ever-increasing 
range of hydraulically-operated equip- 
ment...and has unfailingly brought the 
efficiency and economy which are always 
associated with products of the American 
Engineering Company. 

The Hydramite Pump is available in a 
variety of sizes ... develops pressures up 
to 5000 p.s.i. It operates on any of the 
makes and viscosities of oil which are 
suitable for hydraulic circuits. 

- - * 

Write for folder giving full information 
on the unique Hydramite Pump... and 
call on AE engineers or representatives 
for recommendations regarding possible 


applications. 


WHEN IT’S HIGH PRESSURE, IT’S AMERICAN 


AMERICAN ENGINEERING 


COMPANY 
2501 ARAMINGO AVE., PHILADELPHIA 25, PENNA. 


IN CANADA: AFFILIATED ENGINEERING CORPORATIONS, LTD., MONTREAL 2, P. Q. 


| SERVING THE HYDRAULICS INDUSTRY FOR OVER 30 YEARS 


AE Products include: Hydramite and Hele-Shaw Fluid Power, Taylor and Perfect Spread Stokers, Marine Deck Auxiliaries, Lo-Hed Hoists, Lo-Hed Car Pullers 
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PROVIDES 
MODERN 


AUTOMATION 


Above: A typical Lehigh AIR MOTOR 
which combines o Lehigh Air Cylinder 
ond a Lehigh Air Volve 


-> -EXPERIENCED ENGINEERING 
- ++ PRECISION-BUILT EQUIPMENT 


For more than a decade, Lehigh air control 
engineers have cooperated with major 


AIR CYLINDERS 
Single and double acting 
AIR VALVES practical “Air-Magination” to achieve faster operating 


manufacturers of production tools ... have applied 


Hand, foot and solenoid operated cycles, eliminate hand operations, improve 


COMBINATION 4-WAY VALVES accuracy, reduce fatigue and in general, 
With alr gouge, lubricater, pressure improve production. This universal and 
regulator and strainer. 

AIR CONTROL PANEL UNITS 


For machine tools, special tooling 
and devices. 


AIR MOTORS 

For converting manually operated 
machines to automatic operation. 
“PNEU-LIFT’’ AIR CYLINDER HOISTS 


Bleeder type. For all 
materials handling. 


valuable experience is yours to command in 


any problem of automation. Your inquiry is invited. 


Cata:ogs and dato sheets on request. 
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WATERMAN 
PRODUCTS 


7 P 


i uaail —— wiv \ eee - 
4 
,* 


WATERMAN 


ENGINEERING COMPANY 


725 CUSTER AVENUE - EVANSTON, ILLINOIS 


Kix 


From Your Gaskets,”” it answers ques 
tions cn: swelling, shrinking, harden- 
ing, burning, leakage, use of com 
pounds, and other ideas. Gives 
dimensions, weights, and properties of 
materials. Shows cross-sectional views 
of various types of facing and gaskets 


(V-68) AIR PRESSURE REGULA 
TOR—Fischer & Porter Co. Catalog 
29, 8 pp. Describes: the new constant 
pressure differential regulator, a unit 
used to regulate purge flows of liquid 
or gas, for liquid level measurement, 
or in dual arrangement for specific 
gravity measurement; and the instru 
ment air pressure regulator. Has many 
illustrations, installation diagrams, and 
graphs. 


(V-69) SWING JOINTS — Barco 
Mfg. Co. Catalog 400, 8 pp. Has illus- 
trations, line drawings, and specifica- 
tions for single and double swing 
joints for oils, gasoline, water, air, gas, 
and chemicals. Schematic diagrams 
show typical loading and unloading 
line applications. 


(V-70) PUMP INSTALLATION 
Viking Pump Co. Bulletin TS-3, 8 pp 
Covering the problems of the pump 
installation, it contains information 
particularly applicable to the rotary 
pump. Has definitions and illustrations 
of types of head; discusses viscosity and 
types of liquids; pipe friction; suction 
lifts; horsepower; and materials. Has 
charts, curves, and diagrams 


(V-71) LUBRICATION FITTINGS 

Alemite Division, Booklet 22-188 
8 pp. Has information on a complet 
line of lubrication fittings to meet mili 
tary establishment specifications MIL 
F-3541. Has illustration and engineer 
ing drawings of all models, plus a 
cross-reference chart, giving current 
ind former government fitting specifi 
cation numbers 


(V-72) MOLUB-ALLOY LUBRI 
CANT Imperial Oil & Grease Co 
Inc., Bulletin, 8 pp. Describes a new 
lubricant made in a range of types and 
weights from high quality hydrocarbon 
base stock, or synthetic or volatile bas« 
materials having micron-sized particles 
of metallic-solids added. One of the 
solids used is molybdenum disulphide 


(V-73) NONMETALLIC GASKETS 
ASME, Booklet ASA _ B16,21 
1951, 6 pp Entitled ‘“‘Nonmetalli 
Gaskets for Pipe Flanges.”’ Gives types 
and sizes, material, dimensions and 
tolerances, and formulas for determin 
ing diameters. Table gives complete 
dimensions for gaskets for pipe flanges 


(V-74) CLOSE COUPLED PUMPS 
Allis Chalmers Mfg. Co. Bulletin 
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DUDLEY V-9 PUMPS - SERIES 625 MOTORS 


OE TAIL 
PER AN-P-Iid 
625 Dia 167 SO 


a - 
SHarT A 

| SPLINE | 1.062 | 

+ 

| KEYEO |_ ' 250 | 





1$00 DIA 


= 244 - 


938-938 = 


o94 PROJ 


7250 
{ Bp 


<x 1 
V-9 MODEL 100: w.p. 250 psi. M.P. 500 psi. Ss \\ = | 


For water, gasoline, light liquids (e 
V-9 MODEL 101: w.p. 1000 psi. ASN 


ES 


OPERATING DATA — MODEL 100 
CONTINUOUS SERVICE INTERMITTENT SERVICE 


For hydraulic oils only 





HEAD FT. (Water 100 150 200 300 400 500 600 700 800 900 | 1000 
PSI 43 65 87 217 260 303 346 390 433 

: 2.4 2.3 2.3 2.2 2.2 2.1 2.1 2.0 2.0 2.0 
So rT Gt ut St STL EL St Sr Cro ‘ 
3.7 3.6 3.6 3.5 3.4 3 3.3 

—o ‘ ‘ ‘ “4 “% 3 2 ‘ ‘ ihe 
76 7S 7.5 74 7.3 4 7.3 1.2 7.2 7.2 
Y% > ‘a 1 ! ? 2 3 











DUDLEY V-9 PUMP ( Models 100 and 101) employs 9 sleeves which extend into 
each of the 2 cylinder blocks whose angular relation to each other causes 
the telescoping effect when the cylinder blocks are rotated. 

THE DUDLEY V-9 PUMP can be driven at speeds as low as 300 RPM or at speeds 


to 10,000 RPM. Maximum pressure: Model 100; 500 psi. Model 101; 1000 psi. 


Working pressure : Model 100 ; 250 psi. Model 101; 1000 psi. 


64 =—— 
~ SHAFT DIA 
9995 . 
1.0000 } 


‘A 4 
1 HOH 
i Se ; 
\ | ,’ 


i. 
= ¥ 


“Wie 
=| 2 PLACES 


DUDLEY SERIES 625 HYDRAULIC MOTOR 


NO PACKING REQuIRED: All working pressure is confined within 
the main body. A single oil seal works only against atmos- 
pheric pressure. No packing glands to keep tight. No loss of 
pressure or power. 

NO ADJUSTMENTS REQUIRED: Rotary Valve is self-adjusting for 
viscosities, temperatures and pressures. One-half turn of 
Nutating Plate assembly reverses direction of shaft rotation. 
FEWER WORKING PARTS—NO WEAR: No gears or vanes. No side 
thrust on pistons, therefore no cylinder wear. Drive shaft and 
Rotary Valve turn as a unit and are the only revolving parts. 


EASTMAN PACIFIC COMPANY 


2320 EAST 8TH STREET - Phone: TRinity 6317 - LOS ANGELES 21 
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INLET: 2° 1.P.T. 

— 45° from axis of pump. 
OUTLET: 3%” 1.P.T. 

— 45° from axis of pump. 
WEIGHT: Bronze body, 7 '/, Ibs. 

Aluminum body, 23/4 Ibs. 
SHAFT DIRECTION: Can be changed 
readily merely by changing end 
caps from one end to the other. 
MOUNTING: Standard AN Flange 
Special foot mount with outboard 
bearing can be supplied. Adapter 
for attachment to any standard 
NEMA face also available. 


PERFORMANCE CHART 
(FiLulo MOTOR) 


TORQUE « RPM 
63000 


“OP 


GPM REQUIRED 00625 « RPM DESIRED 









Kominent Uber Acclaime “2 Introducing 


“M-B” Automatic Air Line ia E T C of 


FILTER, REGULATOR 
TM Ve time 4-TIE ROD DESIGN 


CHL ° . +. 





“Your ‘Sentinel of the Air CYLINDERS, BOOSTERS, TANKS 


Line’ has been giving us 


very good service. We supplementing Cur original 


have had no complaints 


at all and I trust that we ~PEMACO (internal keeper ring) CYLINDER’ 


will be ordering more of 


The value of "M-B" Automatic them in the near future.” CYLI N DERS 





Air Line Filters, Regulators and 


Lubricators is widely known for signed: A. E. Cranston, Sr. 





their effectiveness as a protec- PRESIDENT 
tion to Air Valves, Cylinders, 
Pneumatic Tools, ete. Cranston Steel Strapping Co. 





16 standard mountings 


Oak Grove, Oregon 
AIR—200 psi 


WRITE FOR o PRODUCTS 
LITERATURE 46 Victor Ave. 
DETROIT 3, MICHIGAN 
12-10" bores 


LOW PRESSURE HYDRAULIC—500 psi 
Use the PRODUCT INDEX "AS" bores 


HIGH PRESSURE HYDRAULIC—1500 psi 
1'2"-6" bores 


To Find Information dak for Cota 205 
On Hundreds of Products Boosters 


4, 5, 6, & 8” power cylinder sizes—Up to 
2850 psi working pressure from a 100 psi 


The PRODUCT INDEX lists. ae . 
alphabetically, every advertised Circuit Types ... 
AIR to OIL, OIL to OIL, 


and WATER HYDRAULIC 


Single and double acting for single or 


product, and gives you page num- 
bers of the ads. The Index starts 


on page 14. 
dual pressure circuits 


Another index (page 16) names vutats On sequent 


all the companies whose products 
are advertised in the HANDBOOK, 


and tells you where to find their 


TANKS 


ad Tie rod or welded types to specification 
ads. 


*On Pemaco Cylinders ask for Catalog 21-53 





For further data on advertised See 1953 Handbook for detailed information 


products, use the handy business 
reply cards following page 24. PETCH MANUFACTURING CO. 


Sales Office: 465 York St., Detroit 2 
Plant: South Shore Road, Alpena, Mich. 
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The balanced DUAL-VANES (two independent 
vanes in each slot in the rotor) in DUDCO Pumps 











and Motors, as contrasted with conventional de- 
signs, maintcin MULTIPLE AREAS OF CONTACT 
ON THE CAM RING... 






bling the number of 





effective barriers to slippage ond power loss. 
This is an exclusive DUDCO principle! 





DUAL-VANE PUMPS 


Low vane-thrust and low resistance to rotation PLUS minimized 
slippage combine to give the greatest horsepower output for given 
horsepower input. The patented DUDCO DUAL-VANE construction 
reduces slippage to an absolute minimum by providing multiple 
vane sealing permits greater loads at higher pressures. DUDCO 
Pumps with over 60 standard models, a broad selection of port 
locations and types of mountings give design engineers the posi- 
tive answer to fluid power requirements from 3 to 120 gpm at 
continuous pressures to 2000 psi. There are single Pumps from 
3 to 60 gpm and double models provide combined capacities from 
24 to 120 gpm. Here is compactness .. . over 100 hp in less than a 
cubic foot of space, rugged dependability in equipment supremely 
simple to service, and the most efficient fluid power units of their 
kind in the hydraulics field. 


a FULL HYDRAULIC BALANCE ... shaft bearing loads, rotor side loads 
and excessive vane-thrust loads and resultant wear are eliminated 
in the DUDCO design. 


€ HIGHER PRESSURES . . . 2000 psi continuous duty makes it possible 


to increase machine capacities using dard t 


? 





Cia INTERCHANGEABLE CAM RINGS... enables users to alter the 


pump capacity simply by installing another size cam ring of the 
same series. 


Get the facts on DUDCO 
DUAL-VANE Pumps and Motors. 
Ask for Bulletin No. DP 300. 


DUDCO DIVISION 


THE NEW YORK AIR BRAKE COMPANY 





DUAL-VANE MOTORS 


The unique DUAL-VANE design enables DUDCO Motors to convert 
fluid power to variable speed rotary power with unmatched effi- 
ciency. Power losses due to slippage are virtually eliminated by 
the multiple vane sealing. These motors develop starting torques 
as high as or higher than running torques. They will start under 
load and may be stalled without damage. Dynamic balance and 
the low vane-thrust make possible rapid acceleration and decelera 
tion . . . reversing is instantaneous. Over 25 standard models of 
DUDCO Motors are available to solve the problems of designers 
and engineers who must have a dependable source of rotary power. 
For continuous operation at pressures up to 2000 psi and speeds 
up to 3600 rpm, these Motors develop torques from 180 to 14,400 Ib. 
in... . outputs, at maximum pressures and speeds, from 8 to over 
120 hp. 


Pa SERVICEABILITY ... simplicity of design makes servicing easy 


though seldom necessary. 


te LONG LIFE... rugged construction ond minimized weer assure 
continued operation under the most grueling conditions without 
failure. 


x ECONOMY ... the most economical source of variable speed rotary 
hydraulic power. 


DUDCO DIVISION 
THE NEW YORK AIR BRAKE COMPANY 
1712 East Nine Mile Road, Hazel Park, Mich. 


Gentlemen: Kindly send me additional information on: 


[_] DUDCO DUAL-VANE PUMPS ~] BUDCO DUAL-VANE MOTORS 


r 


Name 


Address... 





1712 EAST NINE MILE ROAD * HAZEL PARK+ MICH. 
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ASUS. 


Headquarters for Automatic Control Valves — Sole- 
noid and Pressure Operated —Standerd, Explosion- 
Proof and Water-Tight Solenoid Enclosures—Packed 
and Packless—2-Way, 3-Way and 4-Way—Safety 
Shut-Off, Manual Reset— General Purpose —All In 4 
\ A Wide Range Of Sizes and Materials of Con- 
\, struction. Operating pressures up to 1500 psi— 
Sb higher on special order. Write us about your 
Sora = requirements. Let us help select the control 
best for your requirements. 


,Aulomatic Switch Co. 


385 LAKESIDE AVENUE - ORANGE, NEW JERSEY 





The page at the left is from the ‘Table of Contents’ of 
our 70-Page General Catalog which gives full details 
of the broad line of ASCO Solenoid Valves. Send 
for a copy to have handy when working on the 
automatic controls of your design project. 





See Section I for data on ASCO Electromagnetic 
Controls such as Transfer Switches, Relays, etc. 
See front-of-book section for data on ASCO 

Complete Control Panels. 





Since 1888 Designers and Manufacturers 
of Electromagnetic Controls. 


Vacuum and Air Pressure Pump 


Oil-Free * No Lubrication. 


* — _ 
‘ 
" 
The Dexter-Conde | f # 
i 
DRI AIR Pump | 
' y 
. 5" 
is compact and andy 
cool-running ‘® 
| 
, . | ' Ss 
V anes of carbon-graphite 4 
alloy provide own 
lubrication. 
Pump is built to close tolerances. Rotor is mounted on sealed 


ball bearings, completely separated from pump chamber 
Range 3.5 cfm. to 35.0 cfm. 

Speeds — 1000 to 1700 rpm. 

Three Sizes — cover practically every requirement. 


Widely used in printing and packaging machinery where not even 


the slightest oily contamination can be tolerated. 
Further information from 


Dexter Folder Company | 
330 West 42nd Street, New York 36, N, Y. 
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HANNA 


for all 
three... 


The Hanna name is your assurance of 





quality. It is backed by over 50 years of 
specialization on cylinders and control 
valves. It means economical cylinder 
power, dependable engineering help 
and prompt delivery. See your Classified 
Directory or your Hanna Catalog for the 
name of your local representative. -He is 


ready to help yousolve your power motion 
problems. Call him today! 


Write for free copy of 
new Bulletin 255 showing 
Hanna Cylinder Power in 
Action! 



















Hanna Engineering Works 


1763 ELSTON AVE. + CHICAGO 22, ILL. 
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labor-saving cylinder power 
Standard Hanna Cylinders— 
Matched to the Job! A 












A choice of hydraulic and pneumatic cylinders to match 
your power and mounting requirements . . . to improve 
control and operation of machines and equipment .. . to 
replace or reduce manual operations. Hanna Valves pro- 
vide hand, foot, cam or pushbutton actuation; manual, 
semi-automatic, full automatic or remote control operation. 


money-saving engineering 


Nation-wide, on-the-spot 
Sales and Engineering Service! 


Hanna experts in cylinder power applications are always 
ready to help you select the best cylinder and valve com- 
bination for your special requirements, to see that you 
get the most value from your cylinder dollar. 


time-saving delivery service 
Planned Production Scheduling 

Assures Prompt Delivery! 

Hanna Sales Representatives located in principal cities 
throughout the U.S. and Canada can give you less than 


three weeks’ delivery on Hanna Cylinders. They carry 
a stock of Hanna Valves for immediate delivery. 


Get Easier, More Accurate 
=~ (Cylinder Speed 
rol 


. with 
Pneu-Trol 
VALVES 










IN AIR OR 
HYDRAULIC USE 


2000 and 
5000 (steel) P.S.! 


Pneu-Trol Valves combine in a short, com- 
pact body, a tapered fine thread needle 
for extremely accurate air or oil flow 
control and a floating retro ball check, 
which permits full flow in the opposite 
direction. Retro ball floats in most sensi- 
tive position to seat, requiring only a 
slight differential pressure to fully open 
or close it. Check Valve and Needle Valve 
incorporate’ single function features of 
Flow Control Valve. All valves available 
in 6 female pipe sizes — Ve" to % 
Valve bodies are made from brass, alum- 
inum, steel or stainless steel. Attractive 
Prices immediate Delivery 

Write for Illustrated Circular and Price List. 


















#t speedcontro! for 














NEEDLE VALVE 


Pneu-Trol Devices, Inc. 
1428N. Keating Ave., Chicago 51, Hl. 









This bank of 


G U S be t wo Sixteen Avey Drill 
ing machines are all 


COOLANT PUMPS _ $ifed cust Cot 


In choosing a coolant pump for your metal cutting 
machinery it pays to standardize on the best, a 
Ruthman Gusher Coolant Pump. Leading machine 
tool manufacturers have learned by experience 
that Gusher Coolant Pumps are precision built to 
give better service, and greater production. That’s 
why so many of them use Gusher Pumps exclusively 
on their machines. 

Always specify Gusher Coolant Pumps—You’ll 
eliminate coolant probiems. 


) 


THE RUTHMAN\, MACHINERY C0. 


1818 Reading Road 





= Cincinnati, Ohio 











You can get 
this year’s 
HANDBOOK... 


if you aren't a Product 
Engineering subscriber, 
by subscribing now to the 
leading product - design 


engineering magazine. 


Twelve 
informative 
issues... 


of Product Engineering 
per year will enable you 
to keep abreast of every- 
thing new in your field. 
Every month, this publi- 
cation delivers the au- 
thoritative editorial cov- 
erage which makes it the 
design - engineer's _ pre- 
ferred magazine by 
making it more helpful 


and profitable to read. 


A new 
HANDBOOK 
every year... 


comes to you as an extra 
supplement to your regu- 
lar subscription, at no ad- 


ditional charge! 


Use the 
subscription 
cards... 


following pages B32 and 
H32 to start benefiting 
immediately from the fin- 
est available editorial 
service to you: Product 
Engineering and the an- 


nual HANDBOOK. 
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CLAMPS 


From our famous AERO-SEAL Hose Clamps 
with precision worm gear drive—with scores of 
industrial uses—to custom-built special purpose 
clamps to withstand heavy pressures, extremes 
of temperature and vibration, and to vesist 
corrosion. Any design, any metal, any quantity. 





JOB ENGINEERED BELLOWS 


Breeze special-design welded diaphragm bellows 
function where ordinary formed bellows fail 

. Stand up longer under critical conditions 
of heat, cold, vibration and pressure. As expan- 
sion joints, steam lines, valve seals, pressure 
switches, flow control and other applications. 
Write for our form B-100, 


Breeze is an engineering and design organization, with superb 
manufacturing facilities for precision equipment and custom-built 
components. We invite any problem in product improvement. 
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precision products 
for industry... 





5 
SPECIAL PRECISION DRIVES 


An outstanding Breeze specialty is special- 
purpose mechanical drives and transmissions, 
including Tee Drives, precision gear boxes and 
torque tube drives ... all types of electro- 
mechanical actuators, built to meet rigid require- 
ments of aircraft uses 





FLEXIBLE METAL TUBING — SHIELDING 


For electrical shielding, conduits and ducts, 
pressure lines, high and low temperature ap- 
plications. Material, shapes and sizes to your 
specifications. This is our prime specialty. 25 
year’s experience, 


CORPORATIONS, INC. 


41 SOUTH SIXTH STREET, NEWARK 1, N. 4. 


Joo 










e@ SINCE 1926 @ in the application, design 
and Mfg. of pumps—separators—hydraulic 
accessories. 


FLUID HANDLING 
EQUIPMENT 


Vacuums up to 28” of mer- 
cury; pressures wide range 
depending on cooling system. 





















Ask for Bulletin A-1289 
* 7 . 7 


Designed for me- 
chanical suction 
and pressure re- 
quirements for the 
printing and pack- 
aging machinery 
fields. 
Ask for 

Bulletin A-1399 





OEM applications requiring 
specialized design for prob 
lem liquids. 


Ask fod Bulletin A-1344 
and A-1401 





Direct connected oil 
ae pumps for general 
cused $ * pressure circulation 

© i of oil. High suction 
lift; pressures up to 
100 psi 





o” . a” — - s a . J o . - 
Class 34 Circulators 


Enclosed impeller type centrifugal pumps with ball 
bearing design for both vertical and horizontal 
operation Ask for Bulletin A-1531 

- +. e - a e o . = e 7 


General line of fuel 
oil pumps—direct con- 
nected for light oils, 
reduction for heavy 
oils. Also suitable for 
general industrial oil 
applications Sizes ¢ 
4" to 6”. 
Ask for 
Bulletin A-1330 








Single and duplex strainers and 
filters—for both standard and 
high pressure installations. 
Listed by Underwriters Labora- 
tories 


THE KRAISSL COMPANY 


INCORPORATED 





299 WILLIAMS AVE., HACKENSACK, N. J. 





features in a large cross-sectional view 
of a new close coupled general purpose ; 
pump having capacities to 2,500 gpm 
at heads to 550 feet. Has packing or 
mechanical seal. Gives dimensions and 
other specifications 


52B6083A, 6 pp. Shows construction 


(V-75) HIGH PRESSURE TRIPLEX 
PUMPS — American-Marsh Pumps, 
Inc., Bulletin 22-295, 6 pp. Contains 
dimensions, capacities, cutaway draw- 
ings on pumps from 600 to 5,000 psi, 1 
or 1.1 to 16.5 gpm. Direct drive, and 
back-geared models are described for 
such uses as high pressure testing, high 
pressure boiler feeding, die casting, o1 
pressure molding operations, and 
othe rs 


(V-76) HYDRAULIC CYLINDERS 
Hanna Engineering Works, Booklet 
6 pp. Titled “Cylinder Power in A 
tion’ it illustrates 16 cylinder power 
movements and shows 21 actual ap; 
cation photographs in addition to d« 
scribing how cylinder power can 
utilized to speed production on all 
types of machines and equipment. Also 
illustrates several hydraulic and pnet 





matic cylinders and manually and 
electrically operated control valves 


(V-77) GATE VALVES Edward 
Valves, Inc. Catalog 12-E, 6 pp. Com 
plete information on a new line of cast 
steel gate valves, with details of design, 
material specifications, pressure and 
temperature ratings, and dimensional 
details and weights. Valves are in 300, 
600, 900, and 1500 Ib. sp classes, and 
n sizes from 214 in. through 12 


Ine hes 


(V-78) MOLDED CUPS—tThe Gar- 
lock Packing Co. Booklet, AD-145, 6 
pp. Contains illustrations of the vari- 
ous types of molded cups for pump 
pistons, hydraulic service data, and a 
complete list of sizes and part numbers 
Typical applications are also shown 


(V-79) AIR VOLUME BOOSTER 
Kendall Controls ¢ orp Booklet 4522 
A, 6 pp. Describes a precision high 
capacity air volume amplifier, designed 
to speed up response in pneumatic line 
valve motors and air cylinders. Largs 
cross-section drawing shows constru 
tion and curves show booster perforn 
ance 


(V-80) MAGNET SEPARATOR 

S. G. Frantz Co. Inc., Bulletin 82 
pp. Complete information on the Fe: 
rofilter permanent magnet separator, a 
unit designed to remove ferrous par 
ticles from circulating lubricating sys 
tem: hydraulic oil lines; and fron 
coolant systems. Has many illustrations 
and cross-section views 
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Key to better piping design... 
your easy-to-use CRANE Catalog 


You can design better piping into any product... faster... when 
you specify from your Crane Catalog. Here, between two covers, 
you'll find the world’s most complete assortment of quality piping 
materials—carefully arranged for convenient selection. And for 
every piping item there’s a full listing of recommended services; 
complete design, material, and construction details; plus helpful, 
easy-to-use pressure and temperature rating tables. In addition, 
your Crane Catalog answers general engineering questions con- 
nected with designing efficient piping systems. 

Specifying Crane gives your product added value, too. Now 
that replacements are harder to get, your customers realize more 
than ever the advantages of dependable, longer-lasting Crane 
Quality equipment on the machinery they buy. 





se FOR A BIGGER SELECTION OF BETTER PIPING 
... CHECK THE BROAD CRANE tine 


ANGLE GLOBE 
VALVES @® VALVES 


& RELIEF 
VALVES 










2 May | 


SCREWED | — = Mi 
FITTINGS ane, " 


oa! 






FOR RUGGED, DEPENDABLE 
u BOLTS AND ‘ service on steam, water, oil and 
= GASKETS gas lines—Crane recommends 

; j 150-Pound Brass Gate Valves 
a i with accurately guided solid 
id wedge disc. Tight stem seal as- 
SEDIMENT sured by high quality stuffing 







, } SEPARATORS box packing and gland; ean be 
, od Rattosees. dh repacked under pressure. Rising 
2 ~ or Non-Rising Stem; screwed or 
— © flanged ends. Sizes: V4 to 3-inch 
(Cd a i] : Steam Generator by 
? az Clayton Manufacturing Company, 
~ . El Monte, California 


_ 





, 


General Offices: 

836 S. Michigan Ave., Chicago 5, IIl. 

Branches and Wholesalers Serving 
w All Industrial Areas 


VALVES + FITTINGS + PIPE + PLUMBING + HEATING 
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Marion-built power shovels must 
stand up to the most rugged kind 
of work . . . and demand the 
closest attention to every design 
feature that will keep them pro- 
ductively on the job. In our con- 
stant search for ways to make 
Marion shovels still better, | know 
of no other publication in which 
we find so many useful design 
ideas and component sugges- 
tions as in Product Engineering. 


TTT 


Adrien F. Busick, Jr. 
Vice President of Engineering 
Marion Power Shovel Company 








THE MEN WHO DESIGN 
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He Designs Power Shovels 


HE READS PRODUCT ENGINEERING 


- « « and when you want the interest and attention of 


PEREREEE! 


design-engineering leaders everywhere in industry, you 
concentrate your advertising in Product Engineering 


You concentrate your advertising here because this is the only design-engineering 
magazine that delivers 24,000 ABC-audited, paid subscribers .. . . and has the 
editorial leadership which attracts such a self-elected, management-concentrated, 
steadily growing audience of product-design engineers. 


Over 800 advertisers and their agencies know how much sales power is 
generated by Product Engineering’s exclusive combination of editorial and paid- 
circulation leadership, Every year, they invest far more advertising pages and 
dollars in Product Engineering than are entrusted to any other design publication. 


In 1952, Product Engineering carried 1,330 more advertising pages than any 
other design publication. Among America’s leading agencies, the preference for 
Product Engineering was equally decisive. Of the 50 agencies that placed the most 
advertising pages in business and industrial magazines last year, every one that 
placed space in the design-engineering field used Product Engineering to sell its 
clients’ products. 


Very clearly, when you want more business in the $26-billion Original Equip- 
ment Market, Product Engineering offers you the proved advertising values of 
leadership and outstanding advertiser acceptance. Our nearest representative 
will be glad to give you all the reasons why. 


fae. / 
es neering 


A McGraw-Hill Publication 
McGraw-Hill Building, New York 36 


DISTRICT OFFICES: Atlanta 3 * Boston 16 * Chicago !] 
Cincinnati 8 * Cleveland 15 * Dallas 1 * Detroit 26 
Los Angeles 17 * New York 36 * Philadelphia 3 
Pittsburgh 22 * San Francisco 4 


@ @ 


AMERICA’S NEW PRODUCTS READ PRODUCT ENGINEERING 
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The reason more 





product-desigsn engineers 
subscribe to 


Product Engineering 





than to any other 





design magazine 


in the world... 





PUBLISHING’S MOST COMPLETE REPORTING 
ON NEW AND SIGNIFICANT DEVELOPMENTS 


IN PRODUCT DESIGN 


Produ, 


’ €, 
i COring 


Now including the only 


Annual HANDBOOK of Product Design 
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